Improvement of cost estimating internal practice. by Souchoroukov, Petros
Cranfield University 
School of Industrial and Manufacturing Science 
Enterprise Integration 
DOCTOR OF PHILOSOPHY 
2004 
PETROS SOUCHOROUKOV 
IMPROVEMENT OF COST ESTIMATING INTERNAL PRACTICE 
Supervisor: Dr. Rajkumar Roy 
October 2004 
THIS THESIS IS SUBMITTED IN PARTIAL FULFILMENT OF THE 
REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY 
CCRANFIELD UNIVERSITY, 2004. ALL RIGHT RESERVED. NO PART OF THIS 
PUBLCATION MAY BE REPRODUCED WITHOUT WRITTEN PERMISSION OF THE 
COPYRIGHT HOLDER 
THIS PAGE IS INTENTIONALLY LEFT BLANK 
Abstract 
This thesis is concerned with understanding the internal costing practices employed 
by commercial and engineering disciplines of cost estimating for generating 
estimates at the conceptual design stage of complex hardware products. It examines 
whether there is a formal structure in the interaction between the two groups that 
can be represented within a model. The aim is to develop a framework that will 
formalise and improve the communication of commercial and engineering 
disciplines in cost estimating. 
A literature review examines the role of different costing techniques and the 
information requirements for generating cost estimates. The review identifies that 
there is a lack of research in the information requirements for cost estimating of 
specific manufacturing industries, and that the interaction of commercial and 
engineering disciplines of cost estimating at conceptual design stage is hindered by 
the different focuses of these groups. 
By conducting a survey study the author identifies the internal practice in 
cost estimating for the automotive industry. The survey establishes that in order to 
improve the internal practice it is essential to establish a data infrastructure that 
fortnalises and enables the reuse of the cost estimates and improves the interaction 
between the two groups. The author identifies a common cost estimating process 
for the automotive industry. This study establishes the required data and 
information elements and information sources that need to be collected in order to 
have reliable data infrastructure. Using a case study approach, the author also 
establishes that it is essential to analyse the product functions in such a way that 
will enable the development of a detailed cost estimating model at the conceptual 
design stage, which will improve interaction between the commercial and 
engineering groups. The function-based cost estimating process becomes the focus 
of detailed studies using experts from the automotive industry. This results in a 
generic framework that provides a formalised structure to represent functional 
requirements in the form of a detailed cost estimating model. 
The thesis concludes that product functions need to be captured and 
analysed during the conceptual development of a product and be associated to cost 
estimates. The developed results provide both groups of cost estimating a 
structured, consistent approach to developing cost estimates at the conceptual 
design stage. The data infrastructure and the function-based cost estimating 
framework is validated through case studies and expert evaluation. The approach 
contributes towards improvement of the internal cost estimating practice with the 
automotive industry. 
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1. Introduction 
The purpose of this chapter is to provide a foreword to the thesis by introducing the 
research topic. The context of the research will be described and the problem 
statement will be presented. The importance of improving the internal cost 
estimating practices between the disciplines of Cost Estimating (CE) will be 
established. 
Following the description of the problem under investigation, the specific aim of 
the research will be identified. Consideration will then be given to the scope of the 
research. Finally the structure of the thesis will be described in order to provide the 
reader with a general overview. 
1.1. Research Background 
This thesis is concerned with understanding the role and utilisation of commercial 
and engineering disciplines of cost estimating for generating estimates at the 
conceptual design stage of complex hardware products. Cost Engineering and Cost 
Estimating are terminologies used in industries. Cost Engineering is an embracing 
term that includes Cost Estimation. 
no is a Cost Engineer? The Association for the advancement of Cost Engineers 
(AACE) defines a cost engineer as "an engineer whose judgement and experience 
is utilised in the application of scientific principles and techniques to the problems 
of cost estimation, cost control, and profitability" (AACE, 2000). 
nat is Cost Estimation? Again the AACE defines it as "The determination of 
quantity and the predicting or forecasting, within a defined scope, of the cost 
required to construct and equip a facility, to manufacture goods, or to furnish a 
service. Costs are determined utilising experience and calculating and forecasting 
the future cost of resources, me&ds and management within a scheduled time 
frame. Included in these costs are assessment and an evaluation of risks and 
opportunities. Cost estimation provides a basis for feasibility studies, business 
planning, budget preparatidn, and cost and scheduling control" (AACE, 2000). 
Cost estimating has a tremendous impact on world and national economics and, 
hence, on individuals, societies, and living standards. This is often not understood 
Improvement of Cost Estimating Internal Practice 25 
Introduction 
or tends to be misjudged. For example, virtually all "go or no-go" decisions oil 
projects, whether they be L100,000 or flO billion are inade on tile basis of 
economics, which in turn relies on the availability and accuracy of a cost estimatc. 
This applies to both private industry and government. National budgets themselves 
are nothing more than a compilation of smaller budgets or estimates for operating 
costs and capital expenditures. 
Because estimating or predicting cost is an essential part of' any project and 
therefore any industry, cost estimating is not confined to any particular industry or 
group of industries and has applications throughout the business world and, for thit 
matter, the domestic world. 
Enterprises involved mainly in manufacturing hardware prodLiCtS (Car 
manufacturers, Aerospace industries, etc. ) perform cost estimating throughout the 
life cycle of a product. Estimators can be broadly categorised into two groups, Cost 
estimators with commercial background (CE-C) Cost Estimators with Engineering 
background (CE-E). 
The purpose of CE-C is to provide key business information for decision- 
making in a top-down fashion. Their costing activities try to evaluate, and 
optimise (fit) a combination of requirements (customcr and business) with 
potential or selected solution(s), across a wide range of business processes, with 
cost as the common denominator. 
The process and organisations covered by CE-C in costing are for example 
engineering, testing, tooling, manufacturing, procurement, logistic support, and 
management. During the development of a new product CE-C will be mainly 
involved at the early stages of a product (figure I- 1). They are responsible, together 
with other commercial disciplines to interact with the customer, identify their 
requirements and produce the costs that they will have to be agreed in a 
contract/project. CE-C also have to follow standard costing and accounting 
methods (e. g. Questionnaire on the Method of Allocation of Costs (QMAC)) 
depending on customer requirements, and comply to post contract work 
management and control methods like EVMS (Earned Value Management 
Systems). They also need to be fully aware of UK & customer government 
legislative regulations, which affect costs and change the amount of risk carried in 
a specific project. 
e CE-E try to model the design to manufacturing cost in it bottom-up 
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CE-E need to have detailed knowledge about the product, the manufacturing 
process, and manufacturing capability of the organisation. But, unlike commercial 
estimating, CE-E are focused on design, manufacturing, and tooling activities only. 
Due to the above, their involvement largely starts at the manufacturing stage 
(figure 1-1). 




Figure 1-1: Involvement of CE-C and 
4-E 
in the product life cycle 
CE internal practice very much depends on the interaction between CE-E and CE- 
C. This research aims to improve cost estimating internal practice by improving the 
interaction between the two groups of cost estimating. 
1.1.1. Cost Estimating in Automotive Industry 
In the automotive industry the product has not changed significantly since the 
Model 'T' Ford of 1907 (Figure 1-2). Model 'T' Ford incorporated the following 
features: 
"A body with windows and doors; 
" Four seats and steering wheel at the front, 
" Four wheels, one at each comer; 
" An engine, at the front, with rear-wheel drive and brakes all round; 
" Front and rear lights; 
" Balloon tyres; 
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M Front and rear bumpers. 
After 75 years the company prodUced the Sierra model (FIgUre 1-3). In other words 
the car has not changed conceptUally and still Lises the same principles. 
What has changed though in the last decade are the market demands. In the past, 
model T was suitable for everyone who wanted a car. Nowadays manufacturers are 
forced to produce as many models as possible to accommodate for niany niche 
markets. In the past the specifications for the Model T were one standard list. 
Today, a modern Ford will have more that a dozen variants (and spccitications) to 
accommodate different buyers. 
The materials and technology involved have also changed, which are 
responsibilities of CE-E according to our definitions (sectioril. 1). In order for 
manufacturers to make improvements they concentrate in the sub-systenis of' tile 
vehicle. Due to this nature of the autornotive industry, it is very important for CE-C 
to provide accurate costs for different specification vehicles. They are involved Hl 
other functions like Product Development, Finance, etc. This group of people 
analyse the inarket requirements and set budgets for future development projects. 
Their involvement is mainly at the conceptual stage of design (Figure I-I). The 
main group behind CE in automotive is CE-E. CE-E are required to produce 
detailed cost estimates throughout the product lifecycle. Their main involvement 
comes at the production stage of the vehicle. The lack of good interaction, as we 
are going to see in this research, leads to communication problems. 
Figure 1-2: Model "I" Ford of 1907 (Pugh, 1990) 
28 improvement of Cost Estimating Internal Practice 
Introduction 
Figure 1-3: Ford Sierra Sapphire LX (Pugh, 1990) 
1.1.2. CE in Aerospace Industries 
In the aerospace IndUstry the main CE-C role at the conceptual design stage is to 
provide the organisation with the following activities: 
m 'Bid-No Bid' decision and; 
0 'Proposal/Project Formulation'. 
'Bid-no Bid' decision is the stage where the organisation contemplates if it is 
interested in a specific custorner's request (Figure I -I). CE-C investigate what are 
the requirements of the custorner and what are the functions required to be 
performcd by the prodLICt. The cstirnator identifies similar products built In the 
past, if any, and using parametric models (section 2.2.3) and standard accounting 
practices, he decides if the product is economically viable for the orgallisation. By 
using parametric models estimators can produce estimates faster and therefore 
respond to the market's demands. 
The 'Project Formulation' stage begins once the orgarilsation has decided to bid for 
a contract and needs to put forward a detailed proposal. The CE-C role is to provide 
as accurate cost as possible. The main tools avallable to them are parametric tools 
like PRICE-H (Price Systems, 2004), SEER-H (Galorath, 2004), etc. Although the 
costs produced by these tools are quite accurate, they do not breakdown cost 
elements in detail with regards to the manufacturing phase. 
Another issue is the complexity of aerospace products, especially in the military. It 
is not possible for a person with a commercial background to know what it takes to 
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make a highly advanced aerostructure, and indeed it is not his job function. 
Furthermore, a system can take 20 years to be developed from concept. In that time 
the requirements can very likely change. For that reason CE-C interact with all the 
groups of the organisation that are involved in the project and ask thern to develop 
detailed costs for their specific work activities. CE-Es are within these groups. 
They try to produce cost estimates using detailed, bottom tip estimates as defined 
above. 
1.1.3. Research Context 
The above discussion raises a number of issues in the relationship ol'CE-C and ('L- 
E. 
Changes in the specifications of a product during negotiations do not 
cascade from CE-C to CE-E. A change thought insignificant to a 
commercial person can have a significant impact on the designing of the 
product thus affecting the cost engineer's task and vice versa. 
A certain understanding and knowledge of the product and its cost 
implications exists between CE-C and CE-E. When people leave a 
company or retire, the link between commercial and engineering groups, 
with regards the assumptions made to the product costing, is lost. This is 
an important issue since there is no standard process for linking the 
commercial and engineering requirements of cost estimating. 
It is difficult for the rest of the organisation to understand a final cost 
estimate. This limits the benefits that can be acquired using cost estimates 
within the organisation and in negotiations with a customer. 
Commercial people involved in costing do not necessarily have 
engineering background. Nonetheless they are the primary force for 
decision making within a company for cost related issues and when it 
comes to negotiating with a customer or supplier, their participation is 
very important. When this involves technology intensive products, the 
lack of engineering knowledge can hinder the role of cost estimating. 
Engineering people on the other hand have the tendency to create the best 
possible product they can master. This often ignores the commercial 
realities of business and can damage the profitability of the company. 
The information and level of detail needed to perform costing activitics is 
not clearly defined. This is because most organisations have not invested 
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as heavily in cost estimating as in other areas. This gap between the two 
groups of cost estimating leads to inconsistencies in costing practices. 
The process of cost estimating is not standardised and is seen as informal. 
This leads individuals in creating their own process and collecting their 
own individual data and infon-nation. This makes it impossible to produce 
repeatable results with validated information and it almost makes it 
unfeasible to reuse an estimate at a later stage of the product lifecycle. 
Finally the training of other co-workers in the practice of cost estimating 
is hindcred due to the above. 
Both, CE-C and CE-E are essential during the conceptual product development 
stage for design evaluation, and thus optimisation. Although this research 
recognises that some improvements have taken place with regard to joint working; 
the two groups are still reasonably isolated from each other. 
The researcher believes that the reason behind the above effects observed is the fact 
that there is not a formal frarnework in developing cost estimates at the conceptual 
design stage involving both CE-C and CE-E. 
1.2. Research Aim 
In view of the above research problem area and context, the main aim of this 
research is: 
Research Aim: 
To improve the internal cost estimating practices at the conceptual design stage 
within the automotive industry environment. 
Providing a framework to integrate the two disciplines and a common data 
infrastructure for cost estimating is the major focus of this research. If the activities 
are properly aligned, they will provide better quality cost estimates (more objective 
and less risk) at the very early stages (conceptual design) of product life cycle, and 
thus help during conceptual design evaluation. 
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1.3. Scope of the Research 
The research concentrates in the automotive industry and in hardware cost 
estimating. Nonetheless, other industries and sectors are considered to provide a 
more genenc. 
The author is concerned with developing a structured and consistent method with 
which cost estimating experts from commercial and engineering backgrounds can 
derive their cost estimates based on a common approach. 
Both CE-C and CE-E are active throughout a project lifecycle, from the conceptual 
design stage to the support and disposal of a product. It is usual within the 
automotive industry that a vehicle is changed within three years in production 
("faceliff'). The same happens in the aerospace industry where, for example, an air 
system is upgraded after a period in service. In order to focus the study and achieve 
the aim set, the author limited the research to the conceptual design stage in the 
automotive industry. He also interviewed aerospace companies in order to explore 
the validity of his work with other manufacturing environments. The literature 
review and the interviews conducted with experts throughout this study have also 
demonstrated that it is at the conceptual design stage where most confusion and 
misunderstandings between the CE-C and CE-E occur. 
1.4. Research Collaboration 
This PhD research is derived from the ICOST project (EPSRC Grant No. GRN 
21321), which addresses two main issues: 1) The data and information 
requirements for cost esiimating and the improvement of the internal practices, and 
2) The knowledge and training requirements for cost estimators. This PhD thesis 
addresses the first part of the research covered in the ICOST project, which is the 
area of information infrastructure and integration. The ICOST project involves 
another researcher, Miss Keren Mishra, who was responsible for the other part of 
the conducted research. Some interviews in this thesis were conducted jointly by 
both researchers, although the analysis of them was perfortned separately. 
The development of this research began through collaboration with Cranfield 
University, EPSRC (Engineering and Physical Sciences Research Council), BAE 
SYSTEMS, Ford Motor Company, XR Associates and Price Systems. In the next 
sections, a background of CE in the automotive partner of this project is presented. 
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1.4.1. The Sponsoring Companies, - Ford Motor Company 
Today, Ford Motor Company is the world's largest producer of trucks and the 
second-largest producer of cars. The company has operations in more than 30 
countries, and employs more than 340,000 men and women at its factories, 
laboratories and offices around the world. Additionally, about 60,000 companies 
worldwide supply Ford Motor Company with goods and services. The company's 
annual sales exceed the gross national products of many industrialized nations. In 
1998, Ford Motor Company sold more than 6.8 million vehicles worldwide (Ford, 
2001). Ford Motor Company is ranked second on the Fortune 500 list of the largest 
U. S. industrial corporations, based on sales. In 1998, worldwide sales and revenues 
totalled $142.6 billion. Net income, excluding one-time items, was $6.5 billion. 
Although Ford Motor Company is best known as a manufacturer of cars and trucks; 
it produces other products, including industrial engines, glass, plastics, and a wide 
range of automotive components. Ford also is established in many other 
businesses-including financial services, automotive replacement parts, and 
electronics. 
Cost Estimatin2 in Ford Motor Companv 
Cost estimators are located in different places around the globe. Most cost 
estimators have an engineering education or background. They have a wide range 
of expertise in manufacturing processes and tool room capabilities. They are also 
educated in financial and business skills or are suitably trained to meet the global 
demands of the business environment in which they operate. They fidly understand 
best industry standards for all manufacturing processes required to manufacture 
components for the automotive industry. They maintain their competency through 
continuous technical training, supplier visits, trade shows and ongoing research. 
The department is divided into several sections which are responsible for individual 
product programs and matrix managed by the appropriate product financial 
managers in Product Development. These sections are responsible for all actions 
which affect commodities on their specific programs, both forward and present 
model. Two 'core groups' provide support on specific major commodities. 
The ma . ority of parts that make a Ford vehicle are actually manufactured by 
external suppliers. To effectively manage this substantial vehicle cost, cost 
estimators in North America and Europe define the processes, materials and 
standard components necessary for the manufacturing of vehicle parts. Cost 
estimates are used at different stages in the life of a vehicle program. They can be 
used to support the financially derived affordable cost targets; through the 
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design/development of a vehicle they can help engineers achieve targets; finally 
they can be used to support purchasing/supplier negotiations. In support of these 
requirements, estimates include a high level of technical detail. This detail includes 
physical specifications of the machine used to produce a part, quantity and cost 
specifications of raw materials, standard part requirements, labour and overhead 
burdens. 
Ford has its own estimating software package called CAPE (Computer Aided Parts 
Estimating). CAPE is an advanced knowledge based global system designed to 
evaluate best processes and optimal costs for the manufacture of outside purchased 
part worldwide. 
1.4.2. The Sponsoring Companies - BAE SYSTEMS 
BAE SYSTEMS employs over 100,000 staff. They are the result of a merger 
between the formerly known British Aerospace (BAe) and Marconi Electronic 
Systems (MES). BAE SYSTEMS is the 2 nd largest defence contractor, the joint 3d 
largest aerospace and defence company, and the P largest aerospace electronics 
company in the world (BAE, 2001). They have a simple yet ambitious aim: to be 
the benchmark aerospace and defence systems company worldwide. 
BAE SYSTEMS offer their customers a global capability in land, air, and sea. 
They design, develop, produce and support armored combat vehicles, major and 
minor caliber naval guns and missile launchers, canisters, artillery systems and 
intelligent munitions. In the air, BAE Systems delivers advanced military air 
capability through major aircraft programmes in the UK, US and to many overseas 
customers. In the sea, BAE Systems has a breadth of capabilities and is delivering 
high performance through a range of warships, submarines, auxiliary vessel 
programmes and naval armaments 
Cost Estimatiniz in RAE SYSTEMS 
Cost Engineering is a division of the functional groups within the company. The 
sponsoring group in the company works with costing in the area of aerospace 
engineering and is responsible for developing costing processes, methods and tools. 
The cost engineering work enables product optimisation by utilising technical, 
production and commercial information. Because of their function, important 
information about cost is brought back to the designer during the early stages of 
design for better decision making. 
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1.4.3. The Sponsoring Companies - XR-Associates 
XR Associates Limited was founded in 1992, in conjunction with Ford Motor 
Company to help them achieve their strategic objectives. Today they have a large 
client portfolio and a diverse range of products and tailored solutions (XF, 200 1). 
They are an ISO-9002 registered company, and are widely recognised as one of the 
leading manufacturing consultancy and training providers in the UK and are ranked 
within the Top 10 in Europe, delivering over 4,500 workshops, training over 
18,000 people annually. XR Associates provides training in the area of total cost 
management. 
1.4.4. The Sponsoring Companies - PRICE SYSTEMS 
Founded in 1975, PRICE Systems developed the first commercially available 
parametric estimating models for use in government and industry. Originally 
developed by RCA for use internally to crosscheck bottom-up project estimates on 
projects such as the Apollo Program, the PRICE parametric models proved more 
cost effective, accurate and reliable than other methods (Price Systems, 2002). 
PRICE Systems, L. L. C. is a global software licensing and professional services 
business providing Fortune 1000 companies with enterprise cost management and 
analysis solutions. PRICE is the market leader offering estimating systems, 
consulting and training services, and cost research. PRICE solutions enable 
organizations to automate key business processes that deliver competitive 
advantages by reducing cost and effort while increasing accuracy. The 
revolutionary PRICE Systems approach to data mining and modelling brings speed, 
discipline, learning, repeatability, accuracy, and flexibility to a process that is 
supported traditionally by ad hoc methods. 
PRICE H is one of the most popular products of the company. It is used to estimate 
costs, resources, and schedules for hardware projects such as electronic, electro- 
mechanical and structural assemblies. It can be used to estimate hardware projects 
of any scale, from the smallest individual component to the complex hardware 
assemblies of a complete aircraft, a ship or a space station. PRICE H can generate 
remarkably accurate estimates even when using minimal known project data, so 
that many alternatives can be cost-examined before designs and bills of material are 
finalized. The application accomplishes this by supplying internally-generated, 
industry-average values wherever actual data is not yet specified. 
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PRICE H uses a parametric approach in estimating to simplify input, improve 
flexibility, and speed computation. This method does not require endless parts lists 
and labour resource charts for input, as do conventional, bottom-up estimating 
methods. Instead, PRICE H uses more general attributes to create a representation 
of the hardware to be estimated. The essence of this parametric approach is to use 
characteristics that can be easily quantified, such as weight and size, to estimate 
variables that are more difficult to quantify, such as cost and production schedules. 
The multitudes of cost relationships among these variables, known as Cost 
Estimating Relationships (CERs), form the cost engine of the application. 
1.5. Thesis Structure 
Figure 1-4 illustrates the thesis structure, which outlines the approach taken to 
satisfy the aim of the thesis. 
In Chapter 2, a structured account of related literature is reviewed. The importance 
of data and information requirements as part of the cost estimating process is 
investigated. Data and process modelling techniques are reviewed in order to 
identify the most suitable approach in creating the data infrastructure. Functional 
decomposition techniques, functional analysis and requirements capture are some 
of the topics covered where the current theories are analysed and compared. Finally 
the actual methods of preparing estimates are reviewed and analysed. 
In Chapter 3, the reader is introduced to the thesis research methodology and 
objectives. To fulfil the objectives of the research, the author reviews different 
research methodologies and presents a critical review of them. This process assists 
him in designing an appropriate research strategy to satisfy the aim of this thesis. 
Chapters 4,5,6 and 7 describe the main research contributions and how each of the 
research objectives is met. Chapter 4 describes the AS IS study. This is the initial 
data collection performed using semi-structured interviews and a questionnaire. 
The results confirmed that CE-C and CE-E do not interact well at conceptual 
design stage and the way design specifications impact on cost is not identified. The 
lack of a data infrastructure is also observed across organisations. 
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Figure 1-4: Thesis structure 
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These conclusions, along with the review of the literature lead to Chapter 5, where 
a data infrastructure is developed for use by hardware cost estimators in the 
automotive industry. The framework identifies all the data needed by cost 
estimators to perform detailed manufacturing cost estimates. Methods of process 
modelling like IDEF3 and knowledge capture technique known as X-Pat (eXpert 
Process Knowledge Analysis Tool) are used. 
The author presents the final part of his work in chapter 6 where the development 
of a functional-based cost estimating framework is described. The framework 
represents a generic method that integrates the functions of products identified by 
commercial and engineering people, to a detailed cost estimate developed by CE-E. 
The framework is validated through a case study. In Chapter 7 the author validates 
the framework by applying it to two more case studies. He tries to identify any 
implications that arise if the tool is used in the aerospace industry. 
In chapters 8 the author concludes his work by discussing the findings of his 
research and compares them to current theories and practices. The key observations 
of this research are presented and the research contribution is highlighted. Finally 
future areas of research are discussed. The conclusions respond to the stated aim 
and objectives of the thesis. 
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2. Literature Review 
The introduction gave a forward for the 
thesis, provided the context for the 
research topic and presented the aim of 
Chapter 2 this research thesis. Within this Chapter, 
Background the research topic is examined through a Literature 
Review structure review of the available literature. 
The fundamental argument of the thesis 
-1 presented in the previous section stated 
7 that commercial and engineering E 1, disciplines within cost estimating can 
work in a more fort-nalised and integrated 
manner, within a corni-non framework at 
the conceptual design stage. The literature 
review will provide evidence to Support S)nth-, 
this argument. Without this review, it 
would not be possible to adequately defend the argurnents nor the need to carry out 
the research. With this in inind, the main aim of the Chapter is: 
Chapter Aim: 
To examine the tools available to Cost Estimators and how to bcttci- manage the 
costing process at the conceptual design stage. 
The author reviews thrOLIgh the literature techniques applied in other domains, 
which he COUld apply in conjunction with the cost estimating methods. To achieve 
this aim, the Chapter is divided into several Sections. Figure 2-1 present.,,, the 
different areas covered by the review. 
in order to perform the research in CE the author had to farniliarise himself with 
the terminology and the definitions of cost. Section 2.1 explains the notion orcost 
and how it is occurred during the product lifecycle. The different types of cost are 
explained along with definitions of fixed costs, direct and indirect costs, etc. 
The main therrie of the thesis is the interaction of CE-E and CE-C and tile creation 
of a common framework to integrate their activities at conceptual design stage. For 
that reason the author investigates and analyses the different techniqUeS used by 
CE-C and CE-E (Section 2.2). The Issues SUrrOUnding the conceptual design stage 
with regards to costing are reviewed and the importance of the design specification 
Improvement of Cost Estimating Internal Practice 19 
Literature Review 
is considered by the researcher as an integral part for linking costs and conceptual 
design stage. For that reason value engineering and functional cost analysis 
techniques are assessed in Section 2.3. Section 2.4 is devoted to the area of data 
and information. The information requirements, the characteristics of the 
information and the sources where it can be acquired are studied by the author in 
order to assist him with the data infrastructure. By providing a data infrastructure, 
the consistency in the way cost estimates are created can be improved. Finally, 
except the cost estimating domain, in Section 2.5 the author investigated modelling 




Figure 2-1: Literature review map 
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2.1. Cost 
The broad definition of costs is related to the economic resources (manpower, 
equipment, real facilities, supplies and all other resources) necessary to accomplish 
work activities or to produce work outputs (Stewart, 1995a). Usually, costs are 
expressed in terms of units of currency. Therefore, costs are the amount of money 
representing the resources spent for the production of output. A resource is a 
physical entity that is required to be able to execute a certain operation. Resources 
can be e. g. machine tools, tools and fixtures, but also operators and materials. 
Output can be products and services., 
During the product development cycle, engineering tasks also cause fixed costs. 
Figure 2-2 shows the influence of several company departments on the product 
costs as taken from a German research project in machine design (Wierda, 1990). 
The engineering tasks cause costs because of their contribution to the development 
of a product. At the start of the product development cycle, no costs are fixed yet 
(Figure 2-3). The consecutive engineering tasks fix the costs because of the 
decisions taken. The decisions taken during an engineering task at the beginning of 
the product development cycle can significantly influence the costs caused by 
engineering tasks later in the engineering cycle because the solution space for the 
engineering tasks is reduced by it. Figure 2-2 shows that design itself takes only 
about 10% of the product costs, whereas it fixes about 70% of the product costs. It 
has been argued that the latter percentage is misleading because the product 
specifications already imply some minimal costs. According to Ehrlenspiel, design 
is responsible for 20 to 30% of the total product costs (Wierda, 1990). 
The way in which engineering tasks contribute to the product costs depends on the 
production environment. Figure 2-4 shows a comparison between high-tech 
production and classic mass production (Thompson, 1998). The figure shows that 
for high-tech production the costs caused before production are about 5 times 
higher than for mass production, while the costs of production are about one fifth. 
For mass production, it is required to be able to estimate the costs of production 
more accurately than the costs of design and engineering. For high-tech production, 
the opposite applies. 
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Figure 2-2: Experimentally determined influence of the main 
departments of a company on the product costs (Wierda, 1990). 
It is easier to estimate costs accurately when more detailed information is available. 
Since design fixes about 70% of the product costs, it is required to make accurate 
cost estimates during design. However, during the design process the product 
information is not yet available in full detail, so it is difficult to make accurate 
estimates. This phenomenon is known as the cost estimation paradox, see Figure 2- 
5. 
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Figure 2-3: Decreasing costs not fixed and increasing costs caused during the 
product development cycle (Wierda, 1990). 
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Figure 2-5: The cost estimation paradox (Bode, 1998a) 





Total product costs are composed of several different cost items. Possible 
breakdowns of the product costs are the cost breakdown structures of Fabrycky & 
Blanchard (Asiedu, 1998) and Liebers (1998) (Table 2-1 and Table 2-2). These two 
examples show that multiple breakdown structures are possible. A general cost 
breakdown structure seems hardly possible. Two important criteria for a good cost 
breakdown are: all costs must be covered and no costs must be counted twice. 
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Table 2-1: The cost breakdown structure of Fabrvckv & Blanchard (Asiedu. 1998). 
Total product cost 
Research and Production and 3perations and Retirement and 
development cost construction cost naintenance cost, Disposal cost 
- Product management - Manufacturing/ - Operations/ - Disposal of non- 
- Product planning construction -naintenance repairable 
- Product research nariagement nanagement - Product retirement 
- Design Industrial engineering Product operation - Documentation 
documentation d operations Product distribution 
Product software analysis - Product maintenance 
- Product test and Manufacturing - Inventory 
Evaluation Construction - Operator and 
Quality control maintenance training 
Initial logistic Technical data 
support Product modification 
The costs from a cost breakdown structure are caused by different resources and 
the way these costs are related to those resources can be different. In order to get a 
better perception of costs, costs are classified in different types according to their 
cause and the relation to their cause. Therefore, it is advantageous to know the 
costs per cost type. 
Two general cost classifications are on the one hand direct versus indirect costs 
and on the other hand variable versusfixed costs. Direct costs are costs that can be 
identified specifically and consistently with an end objective (such as a product, 
service, software, function, or project), while indirect costs cannot be identified 
specifically and consistently with an end objective (Shuford, 1995). This means 
that direct costs can be allocated directly, i. e. the allocation base is known, whereas 
for the allocation of indirect costs an allocation base has to be defined (Cooper, 
1991). 
Variable costs are costs that change with the rate of production or the performance 
of services (Stewart, 1995a). Fixed costs are costs that do not vary with the volume 
of business (Stewart, 1995a). Furthermore, semi variable costs and step-fixed costs 
can be distinguished. Semi variable costs are costs that vary somewhat in relation 
to volume, but their percentage of change is not the same as the percentage of 
change in volume (Shuford, 1995). Step-fixed costs are fixed costs that alter their 
behaviour as the activity level moves from one relevant range to another (Shuford, 
1995). 
44 Improvement of Cost Estimating Internal Practice 
Literature Review 
Table 2-2: The cost breakdown structure of Liebers (Liebers, 1998). 
Product cost 
Costs of executing a product ion plan 
Costs of generating a Costs of successfully Externally imposed 
production plan : xecuting a production Costs of re-planning burdens 
- Marketing and promotion Aan - Repair, rework and - Contingency 
Having production 
- Company -esources scrap allowances 
Using production I - Resource repair, - Cost increasing 
anagement, esourccs including down time taxes (as opposed to 
including control Materials included in - Late delivery profit reducing 
- Sales and order intake he products 'axes) 
- Resource, process and Waste 
product design 
- Process planning 
- Production planning I 
The distinction between recurring & non-recurring and relevant & irrelevant costs 
is also often used. Recurring costs are repetitive costs that vary with the quantity 
being produced (Stewart, 1995b). Non-recurring costs are elements of development 
and investment costs that generally occur only once in the life cycle of a work 
activity or work output (Stewart, 1995b). Relevant costs are costs that are present 
in one of several alternatives but are absent, either in whole or in partý in other 
alternatives (also called differential costs) (Shuford, 1995). These costs play a role 
in specific decision-making processes, whereas all other costs are irrelevant costs 
(Liebers, 1998). 
Other cost types that are frequently distinguished are listed here to illustrate the 
diversity of cost types: 
Acquisition costs: Total expenditures estimated or incurred for the 
development, manufacture, construction and installation of 
an item of physical or intangible property, or the total 
acquisition costs of a group of such items (Stewart, 1995a). 
Conversion costs: A grouping of direct labour and manufacturing overhead 
into a single summary cost element (Shuford, 1995). 
Development costs: Costs of a system up to the point where decision is made to 
procure an initial increment of the production units or the 
operational system (Stewart, 1995a). 
Disposal costs The costs of disposing of a facility, property item, 
equipment item, scrap, by-products or excess material 
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(Stewart, 1995a). 
Life-cycle costs All costs incurred during the projected life of the system, 
subsystem or component (research, development, test, 
evaluation, production, maintenance and disposal) (Stewart, 
1995a). 
Opportunity costs: Loss of income due to not selecting the optimum alternative 
from afinancial. point of view (Liebers, 1998)(Blommaert, 
1998). 
Prime costs: Costs of direct material and direct labour (Shuford, 1995). 
Removal costs: The costs of dismantling a unit of property owing to 
retirement from service (Stewart, 1995a). 
Sunk costs: The total of all past expenditures or irrevocably committed 
funds related to a prograni/project (Shuford, 1995). 
2.1.2. Cost allocation 
The allocation of cost is important for a correct interpretation of costs. Cost 
allocation is a method or combination of methods that results in a reasonable 
distribution of costs (Stewart, 1995a). For direct costs, this allocation is 
straightforward. The costs can be calculated from: 
C=PXQ 
with: C the costs , 
P: the price variable 
Q: the allocation base 
(2.1) 
In the case of direct labour costs, C is the direct labour costs; P is the hourly rate 
and Q the number of hours. In the case of indirect costs, the allocation base has to 
be defined. After this, the price variable can be calculated from: 
P=CiIQ (2.2) 
with: P: the price variable, usually called rate 
Cj: the indirect quantity 
Q: the allocation base 
The values of the indirect quantity and the allocation base can be obtained from 
historic information or from prognoses or a combination of both. 
If, for example, the total direct costs are chosen as the allocation base for the total 
indirect costs, P is the direct cost burden rate, C the total indirect costs and Q the 
total direct costs. When the rate is known, the costs can be calculated 'with equation 
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2.1. This example illustrates the way in which indirect costs are calculated with the 
traditional costing method. With this method, the overhead is allocated to products 
using volume based allocation bases e. g. labour hours, machine hours. When the 
allocation base is chosen incoiTectly, incorrect conclusions can be drawn from the 
indirect costs. When the indirect costs are calculated with the direct cost burden 
rate, it would mean that every product with high direct costs also has high indirect 
costs, which is not the case. Therefore, this can lead to wrong conclusions about the 
cause of costs. 
The ratio between direct costs and indirect costs has changed drastically over the 
past decades because of increasing automation, in both machinery and computers, 
as illustrated by Figure 2-6 (Thompson, 1998). In the 1950's, the indirect costs 
were only a small part of the total product costs while direct labour constituted the 
biggest part of the total product costs. Therefore, it was not necessary to estimate 
the indirect costs in a very detailed and accurate manner and traditional costing was 
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Figure 2-6: The components of product costs 
in the United States (Thompson, 1998) 
Nowadays, the opposite situation is true. Overhead constitutes the biggest part of 
the total product costs while the direct labour costs are only a small part. The part 
of the material costs in the total costs has hardly changed. Because of this change, 
it has become necessary to calculate the overhead more accurately and more 
detailed. The allocation of the overhead requires the use of other allocation bases 
that allocate the overhead in a more realistic way. Other methods for the allocation 
of overhead costs will be discussed in section 2.2.8. 
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Analysis: 
" Previous researchers so far have established that design fixes around 709, () 
of the product cost. As the author investigates the interaction between CE-E 
and CE-C, it is important to analyse the type of activities they perform at 
this stage. Section 2.2 will look at the techniques and activities performed 
by Cost Estimators. In section 2.3 an analysis of the conceptual design stage 
and CE will be performed. 
" According to Thompson ( 1998) the manufacturing costs are the most 
important to organisations involved in mass production like the automotive 
industry. Nonetheless the cost breakdown structures that have been 
proposed by Fabrycky el al. and Licbers do not address specifically that 
fact. They relate more to overhead product costs. The author believes that a 
breakdown structure provided for specific industries will be more valuable 
to Cost Estimators in order to establish manufacturing costs. This structure 
should relate more to the type of techniques used by Cost Estimators within 
that industry. This will part will be addressed further at Chapter 5 where tile 
author researches a data infrastructure for the automotive industry. 
" According to Stewart (1995a), traditional cost can attribute wrongly tile 
overhead cost allocated to products. The author will investigate literature in 
the area of Activity Based Costing (ABC) in Section 2.2. it is also noted by 
the author that a data infrastructure should take into account the ABC 
principles into consideration. 
2.2. Cost Estimation 
To understand better the issues between CE-C and CE-E we need to look into more 
detail the use of CE and how it is defined. Furthermore the author investigates the 
different techniques and processes utilised by both groups. By reviewing tile 
techniques the author obtained an understanding that will be useful in the next 
stages of his research where a large amount of interaction with CE experts will 
occur to complete his studies. Furthermore a review of the costing methods will 
allow the author to make a better judgement about which technique will be more 
useful to achieve his aim. 
CE can be defined as "the prediction of the cost of a product before its actual 
manufacture" (Aderoba, 1997). Cost estimation predicts costs related to a set of 
activities before they have actually been executed (Shehab, 2001 ). It works closely 
with cost management. Cost estimation feeds information to cost management. In 
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today's manufacturing environment these two are not anymore inseparable from 
each other, they are interlinked. The definition for cost estimation is not fixed. A 
related term commonly used for it is cost engineering. Humphreys (1996) defines 
cost engineering as "the application of scientific and engineering principles and 
techniques to problems of cost estimation, cost control, business planning, and 
management science". 
Cost estimation and cost management are used together to predict future 
perfon-nance and to control and manage resources of the company (Stewart, 1995). 
They help companies to succeed in their objectives. Cost estimation produces 
estimates which are used along with cost accounting information by cost 
management. Cost management uses this information to manage and control the 
corporation. Cost estimation is needed for getting better cost infort-nation as early 
as possible that would not be otherwise available. 
Cost estimation differs from cost accounting because cost accounting is based on 
the actual usage of resources (Hyder, 1999). Cost estimation needs plenty of 
information; some of it might come frorn cost accounting but majority of the 
information is collected from the various sources using various different methods. 
Analysis:, 
" Shehab describes in his work that cost estimating works closely with cost 
management. His definitions could relate to this research between those of 
CE-E and CE-C (Section 1.2). CE-E produce the estimates, CE-C manage 
them. This point is also put forward by Stewart (1995). This establishes the 
importance of the two groups and how vital it is that they work togethcr. 
" Stewart argues the importance of producing cost estimates as early as 
possible during the product development. What his study does not 
investigate is the use of the design domain in order to assist in this task. He 
instead concentrates on different cost estimating techniques, which are 
analysed in the next sub-sections. The author believes that is important to 
look at how the product specifications and product ftinctions that are 
established at the conceptual design stage can be used to help CE. 
" Hyder (1999) explains that CE-E need plenty of information in order to 
prepare those estimates and explains that this information can be acquired 
from various sources. His research does not progress to explain those 
sources, how they can be identified or how this information should be 
grouped. The author investigates further the issue of information and data in 
Section 2.4 
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In the next sections the major cost estimation methods are evaluated. These 
techniques have been developed and have evolved over time in response to the 
changes in manufacturing. This is the case especially in cost estimating at an earlier 
stage in product development life cycle. However it should be noted that no 
method is usable during the whole life cycle, some are better than others depending 
on the context (Farineau, 2001). During conceptual design, parametric and 
analogical methods are most important as products are not completely defined, 
although it is rare that using these two methods are sufficient (Duverlie, 1999). 
2.2.1. Expert Judgement 
Expert judgement can be called the first "original cost estimation method". These 
estimates are based on the past experience of the estimator. This experience is 
based on similar problems or products encountered by the estimator previously. 
Therefore these estimates are based on the familiarity of experts into the problem 
domain, e. g. their knowledge of manufacturing processes and materials. 
Expert judgement is not based on empirical data or methodology therefore it is a 
subjective method. When cost estimating new products cost estimators have to 
make numerous assumptions and judgements. Hughes (1996) mentions that there is 
not much research on how cost estimators actually use expert judgement to make 
cost estimates. Some research has been done which has found that this method is 
subjective and uses plenty of intuition (Rush, 2001). This uncertainty in how expert 
judgement is used when creating estimates is partly related to the fact that the 
reasoning of the argumentation is unstructured. Hughes (1996) also points out that 
the accuracy of expert judgement cost estimates depends on both sound data and 
availability of this information. 
Expert judgement, according to Sheppard (Sheppard, 1997) is one of the most 
widely used cost estimation methods. This is partly because expert judgement is 
widely used during the creation of detailed and activity-based cost estimates. These 
more elaborate methods are also bounded by the limitations of subjective expert 
judgement. Often a portion of them are intuitively constructed. That is because cost 
estimates quite often require extensive use of judgement in order to produce a 
meaningful result. 
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Analysis: 
0 It can be concluded that if the reasoning behind the cost estimate is unclear 
then it is not easily possible to verify how accurate or valid the estimate is. 
Non experts (and in this case CE-C) cannot always accurately analyse or 
question the rationale behind the estimate, therefore making theirjob more 
difficult when it comes to negotiations or other activities performed by 
them. This use of expert understanding can speed up the cost estimation 
process but it decreases the transparency of cost estimates. The author 
believes a process where the assumptions regarding a specific product are 
captured assists the interaction of the two groups. 
The importance of accurate and consistent data is raised again as an issue as 
in the previous section. Nonetheless there is no proposition or reference to 
other research perforined to standardise it and presented. 
2.2.2. Detailed Cost Estimation 
The detailed cost estimating process consists of a number sequential steps that 
"flow together and interact to culminate in a completed estimate" (Stewart, 1995). 
Figure 2-7 shows the anatomy of a detailed estimate. This figure illustrates 
graphically how the various cost estimate elements are synthesised from the basic 
man-hour estimates and material quantity estimates. Man-hour estimates of each 
basic skill required to accomplish the job are combined with the labour rates for 
these basic skills to derive labour-pounds estimates. In the meantime, material 
quantities are estimated in terms of the units by which they are measured or 
purchased, and these material quantities are combined with their costs per unit to 
develop detailed direct material pound estimates. Labour overhead or burden is 
applied to direct material costs. Then general and administrative expenses and fee 
or profit are added to derive the "price" of the final estimate. 
The labour rates applied to the basic man-hour estimates are usually an average of 
the rates within a given skill category. For example, the engineering skill may 
include draftsman, designers, engineering assistants, junior engineers, engineers 
and senior engineers. The number and titles of engineering skills vary widely frorn 
company to company, but the use of a group of composite labour rates for the 
engineering skill category is common practice. The composite labour rate Is 
derived by multiplying the labour rate for each skill by the percentage of man- 
hours of that skill required to do a given task and adding the results. 
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Cost estimators who make detailed cost estimates have to have a good 
understanding of the product being estimated, and tile materials and manufacturing 
processes used to make the product. The mere understanding of the individual 
elements is not sufficient but the cost estimator also needs to know relationships 
between these different components to create cost estimates (FarineaLl, 2001 ). For 
this reason the expert judgement relied on as the analysis of cost impacts of each 
choice is complex. 
Like activity-based costing (ABC), detailed estimation is used after conceptual 
design in the product life cycle, especially during production. The method gives 
precise results but it requires detailed product and manufacturing process 
information but this information is rarely known and accessible dUring the design 
phase. This is a major disadvantage of this method as it requires knowledge of 
engineering intent and material specifications to produce a truly accurate estimates. 
Also it relies on continuity and judgement of the cost estimator to be able to repeat 
similar cost estimates in exactly the same way. The accuracy of this method 
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depends on how well the cost elements of a detailed cost estimate are known and 
how well their costs have been estimated (Zhang, 1996b). 
Detailed cost estimation is very dependent on correct information but when a 
product is well defined and understood it is a common cost estimation method to 
use (Farmeau, 2001). 
Analysis: 
" Stewart explains that the detailed (or bottom-Lip) approach requires the 
expert to understand the manufacturing process very well in order to model 
it. The author found from his research (Section 4) that indeed CE-E possess 
that manufacturing knowledge and he believes a rriodel could be 
constructed to take advantage of the detailed cost estimating approach at the 
conceptual design stage. He tries to demonstrate that in Chapter 6. 
" Although Farinau has found that EJ is widely used again for the creation of 
bottom-up estimates, it is quite clear from his work that this structured 
approach provides a standardisation of a sort for developing a cost estimate. 
The author believes that this standardisation can be taken an extra step 
further into developing cost estimating templates for specific commodities 
based on past products. This is investigated further in Section 6. 
" Farinati observes that the detailed method is used after the conceptual 
design stage, where a design and material specifications are available to the 
CE-E. The author although accepting the above cornment, believes that if 
assumptions are presented in a consistent way and relationships are created 
that capture the different requirements possible, a reusable framework can 
be established that can be used for the commodity's costing. 
" Both Zhang and FarinaU raise the issue of how important it is to have 
accurate and dependable information available to create the estimates. 
Again there is no work on the information itself needed in order to develop 
the estimates. The researcher has already established a trend in the need for 
a data infrastructure. The literature verifies that point so far and highlights 
that one of the objectives of the research (developing a data infrastructure) 
is valid. 
2.2.3. Parametric Cost Estimation 
Parametric estimation uses mathematical relationships to estimate costs. It uses 
assumptions or historical data from previously completed projects for generating 
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these estimates (Bashir, 2001). The method depends on good data supplied by a 
database. Parametric estimation can be used before having described tile product 
completely and that is one of the reasons for its popularity. There are at least three 
types of parametric methods (Farineau, 2001): ( 1) scaling the most significant 
technical parameters of the product (e. g. mass, material) to defined ratios. Using 
these linear relationships it is possible to quantify the cost of tile product, (2) 
universal models which are a set of statistical relationships which are supposed to 
be universal. Various software packages use universal models such as MAP-11, 
PRICE H or SEER-H; and (3) cost estimation relationships (CER) which are 
mathematical relationships relating the cost of a product to identified cost drivers. 
CERs are normally custom made for a specific purpose using statistical analysis. 
Parametric estimation has certain advantages as for example CERs are easy and 
fast to use. For example designers can use CERs to optinilse their work thus 
reducing costs (Duverlie, 1999). But parametric methods have also serious 
disadvantages. As having incomplete infori-nation happens quite often cost 
estimators have to guess missing parameters. Because of the usage of these 
assumptions the method works like a "black box". It is difficult to undcrstand 
important elements of the manufacture and to be able to justify results (Duverlie, 
1999). The traceability of costs is not the best characteristic of parametric methods. 
They cannot solve particular cases. They are based on statistics so they can only 
show general trends. 
Analysis: 
According to the authors, parametric estimating owes its popularity to the 
fact that it can be used before the product description is complete and that 
there are universal models that can be applied. The fact though still rem,, Ims 
that engineers are asked in many cases to second guess parameters that they 
do not know. 
Estimators end tip arguing the costs based on the parameters they chose of 
these commercial factors instead of the actual product. For example, these 
commercial packages have a "complexity factor". Complexity factors are 
provided based on examples. Two estimators could argue on different 
values ( 1.5 or 1.3) therefore ignoring the product itself and the 
manufacturing challenges it might present and concentrating on those 
fi gures. 
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2.2.4. Feature Based Costing 
Feature based costing (FBC) is another form of parametric estimating. The growth 
of CADCAM technology and that of 3D modelling tools have largely influenced 
the development of FBC. Several researchers are investigating the integration of 
design, process planning and manufacturing for cost engineering purposes using a 
feature based modelling approach (Wierda, 199 1). 
FBC has not yet been fully established or developed with respect to cost 
estimating. Although feature based costing is gaining popularity, there are 
limitations for using features for the costing process. There is no widely accepted 
consensus on what a feature is across the disciplines of an organisation. This 
problem is magnified when viewed across companies and industries. For example, 
there are several levels of features definitions. A feature of an aircraft could be a 
wing, yet this wing contains many parts, each of which consists of many lower 
level features. Therefore companies are also left to decide how to cope with the 
changing product definition and applying an appropriate feature based CER (Rush, 
2000). Thus, the feature based costing approach is not yet fully established and the 
implications are not yet completely understood. Nonetheless, companies find the 
concept 'appealing'. 
The issue of standardisation does not only exist for FBC but indeed for all the 
methods and disciplines in cost estimating. Groups like ISWG (International 
Standards Working Group) of the ICEC (International Cost Engineering Council) 
have been formed to try to tackle the problem (ICEC, 2002). The researcher also 
hopes to contribute to this area with the outcomes of his research. 
2.2.5. Analogical Cost Estimation 
Analogical methods evaluate the cost of products by comparing them with the cost 
of already existing products. These methods try to find functionally similar 
products as possible to create an estimate. The implicit assumption is that similar 
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products have similar costs. By comparing products and adjusting for differences it 
is possible to achieve a valid and useable estimate. Analogical estimating relies on 
components having been estimated before and the cost estimator will use this 
historical data as a guide to create a new estimate for the new component. The 
case-based reasoning (CBR) is one of the most popular of analogical methods and 
it uses information systems to aid to produce cost estimates (Duverlie, 1999; 
Whitaker, 1989). Like other analogical methods CBR also uses past solutions for 
solving problems. 
CBR relies on a feature description base and thus it requires a number of past cases 
in order to be effective. CBR works by first recognising the problem, comparing it 
with older design solutions, and choosing the best fit, i. e. the most similar solution 
for the problem (Tessem, 1997). The following step, adaptation, is the most 
important step; here the new estimate is created by modifying the older one based 
on the previous cases. It is possible to use estimator's experience but it is also 
possible to use parametric estimation techniques or other mathematical models to 
choose a case (Duverlie, 1999). Case-based method chooses right type and 
parametric methods handle fine-tuning. The final step is the evaluation of the new 
estimate and recording learned lessons to a database. This recording is an important 
feature of CBR as enables the ability to learn from past cases. 
Advantages of CBR are better transparency than using parametric methods. 
Estimators can see information sources thus making corrections. Past cases can 
also be like a collective memory of the enterprise (Farineau, 2001). Like parametric 
methods it is also fast and low cost to use but unlike parametric it can be used for 
particular cases (if a similar case exists in the database). This example also 
illustrates disadvantages of CBR. It relies heavily on similar past cases. The quality 
of the linkage between two cases used for comparison is important. Finally 
implementation of CBR requires plenty of time, information and effort (Duverlie, 
1999). These might be the most likely reasons why there are so few examples of 
CBR for cost estimation (Perera, 1998). 
2.2.6. Cost Management 
Cost management is the main role perfonned by CE-C. Sections 2.2.6 to 2.2.10 are 
dealing with the activities and tasks performed by CE-C. Cost estimation is one of 
the starting points for cost management. It provides services (or information and 
knowledge) for several cost management activities, such as for target costing and 
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value engineering (Cooper, 1997). Therefore, quality of cost estimates have direct 
influence how decisions are made during cost management activities (e. g. 
influences on the go, no go decision concerning a new development). This means 
that a too low cost estimate leads to less profitable products and a too high 
estimates loss of business opportunities. 
Strategic cost management is managing costs for both financial and competitive 
advantage, and cost accounting and management are tools for implementing its 
objectives (Grundy, 1996). Activity based management which uses the information 
developed under activity based costing (ABC) have plenty of similarity with 
strategic cost management. Both concentrate on the management of the business to 
improve the value received by the customer and the profit achieved by providing 
this value. When going into a more pragmatic level, management accounting 
contains plenty of functionality of both cost accounting and management. It 
provides information for example for product valuation, pricing, policy 
formulation; planning, decision making, variance analysis and cost control 
(Williamson, 1996). 
There are several techniques that are used by cost management and CE-C. Cost 
control is an important activity in an automotive company. It is used at various 
levels of management within an organization to ensure that the costs incurred fall 
within acceptable levels. The most common financial accounting techniques for 
doing cost control are budgetary control and standard costing, which highlight and 
analyse any variances (Williamson, 1996). A standard cost is a performance target 
and actual performance is measured against this standard. Standard costing is the 
analysis between standard and actual costs therefore enabling to find out reason for 
the differences. For example, a variance may occur when suppliers increase prices 
of a component. Using variance analysis it is possible to evaluate different options 
for how do deal with the issue. 
Besides fmancial accounting methods there are several , other relevant cost 
management methods used in the manufacturing industry. These methods are 
marginal costing, activity-based costing, target costing, value engineering, design- 
to-cost and benchmarking (Chen, 1997; Kulmala, 2002; Williamson, 1996). 
2.2.7. Marginal Costing 
Another basic cost management tool is marginal costing (Kloock, 1997). Some 
authors use the term variable costing for marginal costing. It is a costing and 
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decision-making method that splits up the cost into a variable and a fixed 
component. The method charges only the marginal costs to the cost units and treats 
the fixed costs as a lump sum. These fixed costs are written-off in full against the 
aggregate contribution. The cost information used during the marginal costing can 
be based on cost estimates although quite often the information is based on 
historical information. 
The usefulness of marginal costing comes from the fact that the separation of fixed 
and variable costs help with the understanding for making managerial decisions. It 
can provide information e. g. for cost-volume profit analysis in which cost 
estimators can assess the point at volume needed at which neither profit nor a loss 
is made. 
2.2.8. Activity-Based Costing 
Aclivity-based costing creates cost estimates by summing up product costs. The 
difference between detailed cost estimation and ABC is that ABC uses more 
elaborate techniques to handle the allocation of non direct costs, i. e. costs not 
directly attributable to a particular item. 
ABC relies on the ability -to be able to identify the activities that create the product 
(Innes, 1994). When creating an ABC estimate, first activities within an 
organisation. are identified and costs associated for each of these activities are 
identified. This means that those costs which do not fall into the direct cost 
categories are attributed to these supportive activities. After this costs of each 
activity are attached to products in proportion to how products are using activities. 
The cost of the activity for a product is the cost of one activity times the number of 
times the activity is required to produce the product (Zhang, 1996b). Summing up 
all these costs with direct costs provides the cost estimate. 
ABC provides a more accurate cost estimate than a detailed estimate because ABC 
enables the distribution of the overhead cost more accurately to products which 
consume resources (Innes, 1994), for example ABC does not take a blanket cost 
rate for production overheads. What makes ABC popular is that often companies 
(when still using older systems) find that did not fully understand the true cost of 
their products and therefore made some poor bu 
' 
siness decisions. ABC assigns 
indirect cost more accurately and gives greater visibility to manufacturing 
activities, such as planning and control. ABC is ideal for optimising production and 
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identifying high costs of manufacturing processes. It more realistically allocates 
costs into small batches. Most of the companies which have implemented ABC 
have succeeded (to various degrees) in more accurate product costing, better cost 
management, better cost control, better allocation of overheads, and more accurate 
cost information (Innes, 1994). The organisations adopted ABC because it provides 
critical decision information, such as product pricing, investment on product 
engineering and most optimum product mix. ABC ensures that a fair share of 
overheads is paid. 
There are numerous articles and case studies outlining the benefits of implementing 
ABC in manufacturing and service operations. Maisel and Morrissey (1993) 
summarize some key expectations from implementing an ABC system. Brimson 
(1991) lists ways that activity accounting can be used to help a company. The 
following list is compiled from these sources as the key areas for improvement to 
be gained from ABC techniques, and where the information is most frequently used 
by companies: 
To identify which products make the most profit or loss. 
To identify which activities can be performed more economically or 
restructured to create greater value for the customer. 
" To identify performance measures to achieve manufacturing excellence, 
which can be used to spur the continuous improvement of business 
processes. 
" To provide feedback on the effects of actions that are implemented, that is, 
"Were the anticipated results obtained? " 
" To identify the costs of quality (including costs for prevention, inspection, 
and costs of product failures). 
" To identify costs of support operations included in the cost of getting the 
product to the customer (material handling, maintenance, marketing, and 
engineering) 
" Use information to improve "make/buy" decisions, and more accurate 
assessment of product life cycle costs. 
" Use information for strategic product decisions, and link these to the 
analysis of operational activities. 
Of course the principle of ABC is good but there are limitations in it too (Zhang, 
1996b). The allocation is based on historical or estimated data. Cost estimation 
cannot truly provide such accurate information so that allocation of information can 
I 
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be used as described in the ABC research. In practise the method has its 
limitations, as does detailed cost estimation. 
Consultants have had mixed success in implementing ABC projects. There are 
many accounts of successful implementations, but relatively few on the failures. 
Some of the problems arising from ABC are: 
Too much detail: work on how much detail is necessary, rather than on how 
much can be obtained. The more detail included, the greater the cost to 
implement and maintain the system. 
Too little detail: company changes from old cost system to a multiple pool, 
multiple driver cost system which is much better than the old system, but 
still does not provide enough information to manage activities in the 
company. 
" Problems collecting data: activity definitions not well defined, data 
reliability in question, expensive and time consuming methods of data 
collection (e. g. surveys). 
" Inaccurate assignment of costs of activities to products: costs are allocated 
to cost objects using drivers which do not seem rational to users. 
" Unavailability of detailed data: task level data is not maintained, and 
summary detail does not allow item-by-itern cost tracing. 
Costs assigned to the wrong year: need to use life cycle product costing, 
which conflicts with financial accounting treatment (recognizes costs in the 
period incurred). 
Software problems: difficulties integrating ABC software with other 
systems. 
System is too costly to maintain: ABC systems are expensive to maintain, 
requiring revisions to reflect continual changes to the organization. 
Compared to traditional standard costing procedures, these systems have a 
high overhead cost, and require considerable more data inputs. 
The author believes that ABC has been developed on sound principles and should 
be utilised in organising a database for costing purposes. The author will try and 
apply the principles dictated by ABC in the data infrastructure that he proposes in 
chapter 5. 
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2.2.9. Target Costing 
Target costing is as much a technique for profit management as it is for cost 
management. It puts cost management issues into the central place from the early 
phases of product development. It can be used throughout all phases of a product 
life cycle (Cooper, 1997). Target costing intends to reduce product costs while 
ensuring quality and reliability. This cost reduction is done by "examining all ideas 
for cost reduction at the product planning, research and development process" 
(Kato, 1993). The heart of target costing lies a simple equation; Target cost 
Target selling price - Target profit margin. 
The main idea of target costing is straightforward. In competitive markets, the 
prices are decided by the market. A number of competitors can offer similar 
products at keen prices and consumers will expect ever greater value for their 
money. A car manufacturer has to sell products at a price that the market expects 
and is prepared to pay. Also the company needs to make a financial return -on 
the 
products sold. Therefore only the product cost can be changed. 
Although target costing can be used to manage the life cycle cost, it is mostly used 
during the design and development where most cost impacts are made. The author 
believes that any suggested model he proposes has to take into consideration the 
importance of target costing. 
2.3. Conceptual Design and CE 
The author concentrates his efforts on the conceptual design stage. It is therefore 
important to investigate the relationship between the conceptual design stage and 
. 
CE. 
It is well known that the traditional approach to product development leads to long 
product development cycles and difficult cost control. The desired approach to 
product development is a concurrent one with an emphasis on cost control. Studies 
have shown that the greatest potential for cost reduction is at the early design 
phase, where as much as 70% of the cost of a product is decided (Dewhurst et al., 
1988). As the design phase itself accounts for a relatively small percentage of the 
total development cost, devoting a greater effort to design to cost is a reasonable 
and necessary step towards optimising product costs. An effective means of 
encouraging the designer to design to cost is to provide cost estimates at the design 
synthesis phase of the design process, where design alternatives are considered. An 
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additional benefit of this approach is that the management and CE-C are provided 
with an early indication of the scale of the product cost. This enables the 
management to make more informed bid estimates at the conceptual design phase. 
Rehman et al. (1998) suggest a methodology for modelling manufacturing costs at 
the conceptual design stage based on both case-based and rule-based reasoning*. 
The method is aimed at innovative design and allows the evaluation of such 
designs through a function. Although the author appreciates the reasoning and the 
potential of using product functions to model costs, Rehman's approach could not 
be applied to sub-assemblies or complex products. Furthermore he does not 
provide a detailed description of his methodology or a case study of any sort. 
Ou-Yang concentrates (Ou Yang et al., 1997) on determining cost by shape 
complexity, product precision and the tooling process. He has integrated his 
approach with commercial CAD and database packages to provide a demonstration 
case. Although his approach could be used for specific parts, there is a limitation to 
the applicability of the model as indeed has been highlighted by Ou-Yang. The 
major drivers for calculating the cost with his model are based on the machining 
process and product precision. These are not sufficient as a large manufacturing 
organisations with mass production products like automobiles have established 
processes and quality standards. A good example of a cost driver that has pot being 
considerqd is materials which in manufacturing are likely to be an important cost 
driver. 
Mileham et al., (1993) proposed a parametric approach to cost estimating at the 
conceptual design stage. With his approach he is able to estimate the cost of a 
product with minimal component information. The tool was developed to support 
designers and not the other groups involved in costing. One of the main drawbacks 
of this approach is the use of parametric estimating. As mentioned in Section 2.2.3 
the major drawback of parametric models is that they do not provide sufficient 
explanation with regards to certain selection like materials and manufacturing 
process decisions, thus making it very difficult to understand and explain the 
estimate e. g. in a negotiation with a customer or a supplier. 
Weustink et al., (2000) introduce a generic framework for manufacturing cost 
control, that it is based on design process planning and production aspects. He 
suggests that the model can help create generic templates where alternative designs 
could be compared. The author believes that there is not sufficient analysis of the 
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type of data that should be included in the cost estimates, nor are the costing 
techniques appropriate to be used with his framework. 
Pugh (1992) analyses the "top-down" approach for cost estirnating before the 
actual product development begins. His analysis is suminarised in the four stages: 
I. The collection for completed projects of data concerning their costs and 
technical characteristics together with the industrial facilities employed by 
them and the economic conditions under which they were undertaken. 
2. Analysis of related data to form cost estimating relationships and 
apportionment rules. These may be simple or cornplex and rnay be derived 
via statistical analysis or from observations of proportional ities between 
cost and a measure of size. 
3. Compilation of costing assumptions giving the best description of the new 
project under consideration. 
4. Application of the cost estimating relationships (and apportionment rules) 
to the costing assumptions so as to yield estimated costs for the new project. 
The author believes that Pugh's approach, although explained for developing -top- 
down" estimates, can be used for almost all the other costing techniques. The 
author believes that the philosophy presented by Pugh and summarised by the four 
points should be followed as closely as possible by the model created by the author 
to address his research. They could be used as general guides in the development of 
this model. 
Analysis: 
The author is surprised that although literature does exist in the area of 
functional analysis and CE, a lot of it is based oil designers. It is evident 
from the methodologies followed by the authors reviewed that very few of 
them have actually captured and analysed data from cost estimators 
themselves. 
There is a distinct lack of literature between the interaction of CE-C and 
CE-E and how these techniques will improve it. 
Milenhain's and PLIgh's approach, although based solely oil parametric 
approaches, provided an insight into the direction of the framework 
development the author is considering. 
All the authors state the fact that at conceptual design stage the inputs 
available to estimators and designers are the requirements and the functions 
the product needs to fulfil. This provides the author with further directions 
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for his research analysis. It is the author's belief that if a framework can be 
constructed that links product functions and cost estimates, a better 
understanding of cost estimates will be achieved at conceptual design stage. 
2.3.1. Value Engineering / Value Analysis 
To achieve satisfactory long term profits, resources must also be used effectively. 
Efficiency implies either minimising the use of inputs for a given level of output, or 
maximising the level of output for a given level of input. Value engineering 
according to Cooper (1997) is "a systematic interdisciplinary examination of 
factors affecting the cost of a product with the aim of devising a means to achieve 
its specified purpose at the required standards". These standards can be e. g. quality, 
reliability, or cost. 
Value engineering activity analyses the design of products to find effective ways to 
achieve all necessary functions and essential characteristics (Elias, 1998). These 
necessary functions will define what the product must be able to do or what 
functions are beneficial to the customer. An important point is that value 
engineering is often used in conjunction with target costing. Therefore the aim of 
value engineering is not to minimise cost but achieve specified target costs. Like 
target costing, value engineering needs cost estimates to make economic 
evaluations between proposed solutions. 
Value analysis originated as an engineering design method to evaluate the 
functionality of products with respect to the cost of making them. It considers 
functions defined frorn the customer/ user perspective, as opposed to the designers' 
perspective (Dieter, 1983). The fundamental questions asked during value analysis 
could be rephrased for manufacturing organizations: 
-How can a given requirement of the customer be satisfied at the minimum cost? 
-What is the value of each process or activity of the organization to satisfying the 
customer's requirements? 
Further analysis of processes could then be achieved by further questions: 
-Can one do without this process/activity? 
-Does the process do more than is required? 
-Does the process cost more than it is worth to the customer? 
-is there some other way to do the job better? 
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-Is there a less costly way to satisfy the customer? 
-Can one outsource the process or function to the benefit of the customer, as well as 
the organization? 
-Is this process one which this company should be doing, or can someone else do it 
better? 
Quality Function Deployment (QFD) is a recent implementation of the value 
analysis principles. QFD maps the customer requirements to design attributes, and 
attempts to quantify how much the customer requirement is satisfied by each 
design requirement. Analysis of the costs of satisfying each design requirement 
should also be linked to the customer requirements, and whether the customer 
perceives value in that process step. This is the key to determining if a process is 
value-adding or non-value -adding. The question that should be asked is; ffthe 
customer doesn't need it, and it adds to expenses, then why do it? Answering this 
question, and executing the value analysis outlined above, requires a decision 
support system that is capable of providing the cost of each process, and sorne 
measure of the value added for the customer. Johnson and Sapp (1992) write of 
"process-based information" as a means for management to maintain competitive 
advantage. They identify this tie-in of activity costing and process-based 
information with value analysis and QFD: 
"For each product sold, identify the processes that must be performed to satisfy the 
customer. Be sure to perform those processes. This is the key concept in QFD. 
In all processes, identify all sources of delay, excess, and variation that cause waste 
and impede continuous flow. 
Embark on programs to cut lead time and improve flow of infori-nation. 
Examples include: 
Track indicators of time and waste to confirm the success of these programs and to 
motivate people to do more, such as 'Chart on the wall'/ Visual display of 
perfon-nance indicators. 
Calculate product costs by adding up the costs of activities it takes to design, 
engineer, make, distribute, sell and service each product. To do this, use tile full 
arsenal of techniques associated with the concept of activity-based costing. " 
Analysis: 
As pointed out earlier, the author believes that in order to improve tile cost 
estimating process at the conceptual stage a link needs to be created 
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between functions and product. The author believes that the principles of 
QFD could be used to create that link. 
Although value engineering has been used to analYse products and reduce 
their costs, not a lot of research has been done in using functional 
decomposit ions to estimate a new product at the conceptual design stage. 
This research is analysed in the next section. 
2.3.2. Functional decomposition 
Functional decomposition originated with Value Engineering (VE) in the 1960s in 
the USA. Among its first users were Univac-Sperry Rand, Ford, General Electric 
and Chrysler (Creasy et al., 1973, Yoshikawa et al., 1994). There are numerous 
functional modelling methodologies, all of which follow a similar approach. They 
begin with an overall product function and then break that function into sub- 
functions. Pahl and Beitz have developed probably the most well known technique 
(Pahl et al., 1988). They define function as the "general input/output relationship of 
a systern whose purpose is to perforrn a task". The overall function is the 
requirement the design nceds to fulfil. Then the function is broken down into sub- 
functions until the flow of energy, material and signals through the design is clear. 
Although their approach was important for engineering design, their methodology 
did not provide an al ]-encompassing list of sub-functions to describe all possible 
engineering systems or produce repeatable function structures. Since then many 
researchers have tried to expand on the principles of Pahl and Beitz (Lai et al., 
1989, Iwasaki et al., 1995, Kirschman et al., 1998). 
Sturges et al. ( 1993) described how a support function is the goal of the 
decomposition, and that such a function is a generic model for "well-known" 
processes and sub-functions. The authors state that that their technique reduces the 
compatibility problems inherent in part selection by choosing matching allocation 
slots. 
Collins et al. (1976) developed a list of elemental mechanical functions in the 
analysis of a helicopter part failure. The author described each failed part in terms 
of function. In this way he produced a classification consisting of 46 key words and 
40 preceding adjectives, which were used to form 105 elemental functions. The 
result of this research is a list of common functions that have to be considered 
during tile mechanical design of a helicopter. This list of functions, although broad, 
did not create taxonomy. Kirschman et al. used the research to go a step further by 
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developing a function-based taxonomy of elemental mechanical functions. Through 
his combination of "basic function groups" and "directions", he developed about 
150 combinations of elemental mechanical functions. The authors claim that the 
taxonomy can be used as a pedagogical tool or as a basis for the derivation of 
complete taxonomy. 
Suh (1990) talks about function in his work on axiomatic design. Here function is 
defined as the desired output, and the design is * 
decomposed into a hierarchy of 
functional requirements (FRs) which map directly to design parameters (DPs). Suh 
uses function at all levels, decomposing the design from the top down, choosing 
functions and the matching physical forms. He states that although FRs and DPs 
can be composed into hierarchies, the FRs for a lower level cannot be determined 
without first determining the DPs at the level above. 
Mukherjee and Liu (1997) present an abstraction for conceptual design by using 
function-form relation matrices. The relation matrices provide a link between 
purely functional and purely geometric representations, and a means to carry out 
domain-dependent manufacturability evaluations. Theodoracatos and Ahmed 
(1994) describe an expert system for conceptual design that interprets functional 
structures, searches engineering solutions, and evaluates concepts. Tomiyama et al. 
(1993) proposed a methodology - Function-Behaviour-State (FBS) to model 
functions and introduce a computerised tool to support functional design based on 
the FBS modelling. Kimura and Suzuki (1995) attempt to capture and to represent 
product background information, which includes requirements, specifications, 
assumptions, constraints, decision history, trial-and-error processes, and other 
rationale rules. 
Kirschman ct al. (1996) present a classification system in order provide a 
standardiscd approach to analysis, therefore providing a common language. He 






From these four basic types of functions, a taxonomy is proposed (table 2-3). Most 
parts of a mechanical design can be classified into these four categories. These 
seem to describe the basic functions of a mechanical subsystem. Furthermore 
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Kirschman goes on in proposing a functional hierarchy for mechanical design 
(figure 2-8). 
Table 2-3: Basic function groups (Kirschman 1996) 
Motion -Rotary, Linear, Oscillatory, other 
-Create, Convert, Modify, Dissipate, Transmit 
-Flexible, Rigid 
Control Power, Motion, Information 
-Continuous, Discreet 
-Modification, Indication 
-User's supplied, Internal Feedback 
Power/Matter -Store, Intake, Expel, Modify, Transmit, Dissipate 
-Electrical, Mechanical, other 
Enclose -Cover, View, Protect 
-Remove, Permanent 






Figure 2-8: Functional Ilierarchy for Mechanical Design 
lie uses as an example the design of a cordless electric drill to test the taxonomy. 
Drills of this sort are a common consumer good, and are complex enough to show 
the design process. So the main objective is to "Drill Hole". This is inserted at the 
top of the functional hierarchy as shown in figure 2-9. 








Figure 2-9: Functional hierarchy with specified objective 
Next, the designer generates the four top level functions, and selects several 
components to complete the first level of the hierarchy, Power/Matter, Motion and 
Enclosure. Possibilities for Power include electric, mechanical, fluid and chemical. 
In this case the only way to effectively use chemical is in the form of a disposable 
battery that converts chemical power to electrical power. Fluid power can be 
pneumatic, since a gas is sufficiently compressible to store power. Mechanical 
power can come from a flywheel or spring as an energy storage device. Electric 
power is realised in the form of a rechargeable battery. Since only one type of 
power is needed for this device, a selection is made from these options. 
Kirschman takes on a similar approach to specify the power motion control and 
enclosure of his model until he arrives at a complete form tree (figure 2-10) 
Drill Hole 





Figure 2-10: Form tree 
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Feng et al., (1998) have reviewed most of the models mentioned above and have 
concluded that they are far from being available for a real industrial application 
because they do not provide a realistic assessment of manufacturability of 
conceptual products developed at the early design stage. 
2.3.3. Design-to-Cost 
Except the development of value engineering a methodology called design-to-cost 
(DTC) emerged (Vitaliano, 1994). This method aims to ensure that tight cost 
targets can be met. Design-to-cost deals with the issue of cost reduction at an early 
stage, during designing. It investigates what would be the best way to reduce the 
cost of a component or system without diminishing too much the overall 
performance of it. 
Vitallano ernphasises that is not correct that "product cost responsibility belongs to 
production, while development cost control belongs to engineering". In design-to- 
cost it is important that the designers give cost the same consideration they give to 
performance and schedule (Williamson, 1994). This is very important for 
successful DTC, therefore when cost is treated as a design parameter, cost 
reduction invariably takes place. Obviously, to achieve this cost reduction aim it is 
necessary that both conceptual and engineering designers have knowledge of how 
the cost of a component is formed (Busby, 1997). Also the management which Is 
setting the cost reduction target should have infori-nation of what would be 
realistically achievable. 
French ( 1999) argues that the whole subject of costing in design is relatively little 
developed, considering its great commercial importance. Today, there are still 
some major issues to be solved before designers can have suitable Information 
which is accurate and timely for costing evaluation. Geiger ( 1996) mentions that 
there are three inaJor reasons for this, isolation of product designing from cost 
Information, the lack of suitable tools to give fccdback about cost implication, and 
lastly "Inability to integrate the existing but diverse and heterogeneous data of the 
various functions". 
Analysis: 
The author believes that although many of the factional decomposition 
tecliniqUcs reviewed have been developed for academic pUrposes only, the 
nature of CE and its "real world" application dictate that a realistic 
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approach is used for the functional decomposition. Therefore in Chapter 6 
the author will utilise functional decornposition techniques. 
The author finds Kirschman's approach quite intriguing. It is a very 
structured and simple approach that could be used by engineers. Further 
more it lets an expert formalise his assumptions based on the four groups 
(Power, Motion, Control and Enclosure). The author suggests that this 
method could be successfully implernented to add functions to a product 
where a concept is quite new. More of this is going to be discussed in 
Chapter 6. 
2.4. Data and Information in Cost Estimating 
One of the approaches the author is considering and indeed lie follows is tile 
development of a data infrastructure for cost estimating in the automotive industry. 
For that reason the issues surrounding data, infort-nation and communication are 
reviewed. 
Data can be defined as "a basic level component in all information and knowledge, 
a piece of fact that has no meaning or value until it Is structured, analysed, 
communicated and organised". This implies that Information is organised, 
structured and analysed. 
Often it is said that this infon-nation is crucially important to a business. Sorne 
people (Toffler, 1980) go so far as to claim that information is the fifth rcsource of 
the company, after people, equipment, material and capital. Drucker ( 1969) agrees 
that "information has become the central capital, the cost centre, and the crucial 
resource of the economy". Even though some might argue of the centrality of 
information there is no doubt that infori-nation is vital for current automotive 
businesses. Cassel (1981) adds that information is the content of any meaningful 
communication. Communication failures cause disruption in a companyl therefore 
communication is important in autornotive companies, as these companies are big 
in size and they have ever changing products (Court et al., 1997). 
Suitable information is the content of any communication which allows the 
creation and the utilisation of cost estimates. Information facilitates the interaction 
of people, material, equipment and money to reach the profitable and competitive 
products. Correctness of information is important as poor information call cause 
multiple problems such as designs which are not optimised for manufacture or 
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assembly, feeble investment justifications, and purchases of overpriced 
components. Eventuýlly these and other causes may eventually lead to unprofitable 
products due to higher cost of manufacturing. 
2.4.1. Characteristics of Information 
The information used in cost estimation is not accurate. The accuracy is a relative 
matter (Stamelos, 2001). This is because a cost estimate is a probabilistic 
assessment and therefore involves uncertainty. The decisions are often made on the 
basis of inaccurate, incomplete or out of date information (Lederer, 1995; Strike, 
2001). These decisions may be poor and result in considerable unnecessary 
expense. As cost estimates are mostly based on estimated, information, it is 
necessary to well understand how these estimates are composed and in where lies 
possible sources of risks. 
The literature (Benyon, 1990; Court, 1997; Lucas, 1997) has identified several 
characteristics that are required for the thorough understanding of information. 
These characteristics define what would be ', 'good information". The list below 
defines the characteristics found: 
Accessibility - how information can be accessed 
Accuracy - does the information reflect the reality, is it normalised and validated 
Breadth - the scope of information 
Completeness - does the information provide the user all that needs be known 
Form - in what form is the information needed, collected and produced 
Origin - source of the information 
Relevancy - why the information is needed 
Timeliness - related to accuracy and relevancy; after a time information may not be 
accurate nor relevant 
It can be seen from the list that the definition of the information is only a start for 
the understanding of it. For example the relevancy of the information is important, 
i. e. why to use the information or what are the limitations when using the 
information. Also the information exists somewhere and the user of the information 
needs to know how and where to access it, for. this reason information sources are 
discussed. 
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2.4.2. Information Sources 
There are multiple sources of information for making cost estimates. But even 
when there are multiple sources of information decision-making during cost 
estimation is still difficult especially when dealing with suppliers. Also multiple 
information sources create a problem of variability; different sources can be used to 
make the same estimates. This variability creates subtle changes between cost 
estimates. 
Cost estimating information can be collected from e. g. accounting databases, 
similar past work, professional and reference material, and knowledge (Stewart, 
1995). French (1999) mentions that conceptual design stage information is often 
surnmarised in a sketch or scheme drawing, usually accompanied by descriptive 
calculations and notes. By the end of the embodiment design, the material that 
provides information is typically a general assembly or general arrangement, 
usually together with supporting notes and calculations. Court et al (1993) have 
identified in more detail sources of information used in manufacturing companies. 
Their research discovered a very comprehensive list of information sources for 
mainly engineering design activities. Previously it was mentioned that detailed cost 
estimation requires information of product, materials and manufacturing processes. 
It bears close resemblance with engineering design and therefore these sources can 
be used also for creating cost estimates. Court et al (1993) identified that the 
information can be internal, external or personal: 
Internal Information. 
Design has been characterised as a collaborative activity between specialists. The 
extent of that collaboration is -reflected in the diversity of internal information 
sources used by the engineers. These include: product specification; previous 
design schemes; existing design reports; other department reports; data handbooks; 
development and test data; sales data; commercial data; marketing data; 
manufacturing data; in-house parts catalogues; design guides and service feedback. 
External Information. 
These included journals and magazines; catalogues; libraries; professional 
organisations, institutions, the government, design guides and events. One area of 
particular interest and importance, in the context of this work, is that of information 
obtained from suppliers. Firstly, catalogues were found to be extensively used to 
obtain information with six types highlighted: supplier catalogues, agents, 
competitors, trade, brochures, and data handbooks. Secondly, design guides were 
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also found to be an important external source of information with the main source 
used again being that of suppliers. This clearly shows the high importance that 
supplier delivered information has for the design team. Here it was found that 
designers use the advice, guidance, and analytical techniques from component or 
product manufacturers more extensively than well respected independent 
organisations (institutions, trade associations, etc. ). The information obtained from 
these was found to include supplier and competitor details; availability; product 
knowledge and trends; specifications, drawings and data; and costing and 
marketing. Personal sources can be for example colleagues and personal 
experience. 
One interesting observation resulting from this study was that hardcopy and verbal 
formats are still widely used in transferring information, with the major sources 
being those of drawings and sketches. 
The sources above contain information that is called explicit information or explicit 
cost drivers, e. g. part dimensions. Roy et al (2001b) has also identified another 
category of information which contains cost drivers such as design complexity. 
Due to the nature of the implicit information it has to be derived through analysis. 
The information sources for this analysis can be historical cost data or data 
gathered using surveys. 
2.4.3. Information Requirements 
Cost estimation is not an easy activity within a company; therefore it is usually 
performed by experienced engineers and technical cost specialists (Aderoba, 1997). 
They have experience and knowledge on production technologies, analysis 
methods and engineering economics. Their skills are especially needed when cost 
estimating outsourced components or design concepts (Bashir, 2001). 
Reliable information reduces uncertainty and therefore risks. Access to accurate 
and up-to-date information helps to avoid making mistakes or misjudgements 
(Court, 1997; Shehab, 2001). Unfortunately most of the information for cost 
estimation purposes is incomplete and imprecise and inhibit from making estimates 
as sensible as possible (Kingsman, 1997). There are several limitations that cause 
this such as the information may be out of date, inaccurate, or even unnecessary. 
Also the sheer volume of information might be a problem. Hughes (1996) 
mentioned that estimators use limited information but they wished to have more 
I 
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comprehensive and explained information if it was easily accessible. The issues are 
more relevant during the conceptual design as then there is even less good quality 
information available (French, 1999). 
Plenty of information is also qualitative. There is a need for a quantitative way of 
modelling manufacturing costs so that estimators can make choices based on 
factual data, not on assumptions or exclusions (B6ýcsson, 1994; Locascio, 2000). 
Again unfortunately currently there is usually little' quantitative infori , nation 
to aid 
with cost analysis, thus high emphasis on the expert judgement in the cost 
estimating. This is a research area that clearly needs much future research by the 
community. 
2.4.4. Information Usage 
The information usage can be divided into two parts, the information used by cost 
estimators and the information used by cost management or other decision makers. 
As mentioned before, cost estimators need knowledge about e. g. manufacturing 
processes, manufacturing 
' 
methods, and practical knowledge from experience. They 
will use the collected information to find out the component cost and the most 
influential causes for this cost. These costs can be derived from several sources but 
they can be grouped, e. g. engineering, design and development, manufacturing 
labour, equipment and tooling costs (Stewart, 1995). Weustink et al (2000) have 
identified in detail how different linkages between different groups of product cost 
(geometry, material, production process, production planning) affect each other. 
These four groups are tightly interlinked and changes in one group usually require 
changes in others, e. g. changes in material might require changes in machining 
which may impose manufacturing schedule changes. In large complex systems like 
car manufacturing finding out these linkages is not easy. 
Cost management uses information to find ways to increase the cost competence, 
for example by reducing cost. Manufacturing cost of a product can be reduced by 
minimising the number of parts, designing parts for easier handling and assembly, 
or selecting better material-process combinations (Gunasekaran, 1998). Overall 
cost management needs more qualitative information (preferably this information 
should be based on quantitative data) than cost estimation (B6desson, 1994). They 
deal with questions like "what material this product version now uses and thereby 
how total cost has changed from previous versiorf' or "whether a component 
should be outsourced or manufactured in-house". This type of information is used 
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on various occasions, namely for managerial decision making and for planning and 
control (Williamson, 1996). Examples of activities for the former are cost-volume 
profit analysis, costing for decision making, and pricing. Examples for the latter are 
budgeting and budgetary control, financial risk management, performance 
measurement, and standard costing. 
2.4.5., Issues in Information Usage 
The information produced -by cost estimators gives bases for commercial 
evaluations. For example ABC cost information and piece cost estimates provide 
information that can be used in decision-making. This information can be valuable 
but the research has found that there are problems how less technical people can 
understand cost estimates (Roy, 2001 a). The main concern should be to make sure 
that information used by non-cost estimators or a junior cost estimators is 
understandable for them. Using information without knowing as to why and how 
information is selected into a cost estimate decreases the quality of decision- 
making. This easily leads to potential misunderstandings., 
Court (1995) also mentions that the access to information has become complex as 
there is too much information. It is not obvious what would be the correct source 
for selecting the piece of information. This overload impacts on productivity and 
quality of work (Benyon, 1990; Court, 1995). 
' 
Court (1995) adds that for example 
engineering designers spend as much as 30 per cent of their time searching for and 
accessing engineering design information. Because of this designers tend to use the 
information that they already possess i. e. they use mainly their memory, knowledge 
and experience (Court, 1995; Court, 1997). Similarly cost estimators are required 
to use their expert judgement as they are using similar technical information 
sources. This implies that they do not benefit as much as possible from information 
produced by others, especially outside of the company. 
2.4.6. Cost Information to Support Design for Manufacture 
Boothroyd and Dewhurst (1987,1991) identified the need for early product cost 
estimates, in order to make better decisions early in the design process. Once the 
design configuration has been "locked in" it is more difficult and expensive to 
make changes. They also identified the failure of most companies' costing systems 
to get early cost estimates. Difficulty in getting early cost estimates is often due to 
the manner in which costs are handled by standard cost systems. It is only possible 
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to get cost information once a product has been designed, detailed, and a prototype 
built. By this time, it is too late for "product design for manufacturability; " all that 
is left is "fine tuning" of the production process to make the part, albeit more 
efficiently. Boothroyd and Dewhurst criticise some other cost estimating efforts as 
being misdirected; stating that: 
... there 
is much interest in having product DFM and DFA techniques available on 
CAD/CAM systems. By the time a proposed design has been sufficiently detailed 
to enter it into the CAD/CAM system, however, it is too late to make radical 
changes. ... A. conflict thus exists. 
On the one hand, the designer needs cost 
estimates as a basis for making sound decisions; on the other hand, the product 
design is not sufficiently firm to allow estimates to be made using currently 
available techniques. The means of overcoming this dilemma is another key to 
successful product DFM - namely early cost estimating. " (Boothroyd & Dewhurst, 
1991). 
They suggested a simple activity-bascd costing approach, which was made 
available in their proprietary software product. The methodology was to capture the 
main features of a given design, and use a simplified process plan. The product 
costs were then calculated using known costs for the given processes. The model 
relies on the basic models of each process being known to the system, in the form 
of a machine tool database and a material database. These would include 
processing rates, cost rate for using a machine, and costs of materials. This would 
be a very good solution for simple items, with well-developcd models for the 
relationship between design parameters and cost. In many industrial-manufacturing 
environments, there is a significant gap in this knowledge. Unless the company is 
able to isolate all direct and indirect costs associated with a production process, 
they are unlikely to have accurate cost data about products coming out of that 
process. - The lack of knowledge in this area has been well documented in the cost 
management literature. This is one of the motivations to use activity-based costing 
instead of standard costing, that is, to provide more accurate allocations of 
overhead costs, and thereby improve the accuracy of product costing. The activity- 
based costing method seems tQ be the best way to isolate costs for a particular 
activity or process. The problem may be that not all companies. have the resources, 
or the necessity, for a complete activity-based accounting system. 
Design for manufacturability is a major motivation for this research; a clear need 
for better manufacturing cost information exists, and it is not satisfied by traditional 
cost estimating methods. 
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2.4.7. The use of cost information in manufacture 
Different engineering tasks have different information available for generating 
relevant cost information. In addition, the tasks use different kinds of cost 
information for different purposes. 
In the embodiment design phase, decisions about materials, surface roughness, 
tolerances, shape, dimensions, production methods, etc. have to be made. Because 
all decisions are mutually dependent, a decision about one aspect can lower the 
costs for that aspect while increasing the costs of another aspect. For instance, the 
selection of cheap material can lead to extra operation steps in order to achieve a 
certain surface tolerance, which increases the production costs. Several of these 
dependencies are present. From an analysis of the product design process and its 
decision making it can be concluded that the costs fixed during product design are 
caused by the following interrelated cost drivers: geometry, materid, production 
processes andproduction planning (Weustink, 2000). 
2.4.8. The cost drivers and the engineering tasks, 
In the design phase, the primary decisions are concerned with, geometry and 
material. For proper decision-making,, it is advantageous to'have information from 
other engineering tasks, usually performed later in the product development cycle, 
like process planning and production planning. Initially the designer can get benefit 
out of cost information related to geometry and material. If cost information about 
production processes and production planning were be available, this would be of 
great help to the designer. Because geometry does not cause costs directly, the 
designer cannot calculate costs for geometry. A way to solve this problem is to use 
cost information from products that have been manufactured in the past. The 
assumption is made that geometrically equal products (of the same material) will 
cost the same. This method can give cost information quickly because no other 
engineering tasks, like process planning, are required to generate more information. 
The designer can estimate the material costs relatively easy when he has access to a 
material database, 'which also contains cost, information. Another way to solve the 
problem is to perform other engineering tasks, like process planning, and to use the 
generated information for cost estimation. The designer must frequently choose 
between alternative solutions. In the choice between, alternatives, the overhead 
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costs are usually less important because they are made anyway. Therefore, only the 
direct costs are considered in choices between alternatives. 
in the process-planning phase, the primary decisions are concerned with production 
processes. A cost based decision between production processes is difficult because 
cost information about a process largely depends on the resources that are used. 
Similarity, based on production processes, with products from the past could be 
used in this case. When resources are selected, the extent of use can be estimated 
and costs can be calculated with the appropriate cost rates. The unavailability of a 
resource can result in the use of a more expensive resource than chosen by the 
process planner, consequently leading to higher costs. 
In the production-planning phase, -the primary decisions are* concerned with 
production planning. Usually, production planning is one of the last phases in the 
product development cycle before production starts. Production planning 
determines which resources are used and when they are used. 
2.4.9. The Role of Communication in CE 
"Currently cost estimation and pricing is a much unstructured decision-making 
process. Much information required for the decisions are incomplete or imprecise. 
Cost estimators need both knowledge about manufacturing process/methods and 
practical knowledge from experience. This leads to the need to use rules to guide 
their decisions, requiring judgements considering many variables". (Kingsman and 
Artur de Souza, 1997). In large scale organisations or very complex product 
designs it is unrealistic for one person to hold such knowledge, and could even be 
argued to be a Commercial liability. 
Roy (2001) investigates improving the communication between technical and 
commercial disciplines within an organisation. This area of research is very novel. 
The differing requirements of top-down and bottom-up approaches to cost 
estimating are recognised as being a major cause of concern in the problems that 
effect costing of new products. The paper backs-up the idea that there are clear 
industry wide problems that affect the ability of the cost estimator to do a good job 
and that these are more fundamental than models and methods. 
This idea that good communication is the most pressing need to cost estimating 
success in concurrent Engineering environments is backed-up by Prall et al. in their 
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article from AACE (Prall J. R and Zecher E., 2001). The article explains that the 
role of the cost engineer is changing and the organisational environment is 
affecting the work of estimating. A lean production environment is investigated, 
estimators were deemed to require communication and facilitation skills. 
This recognition of the changing role of cost estimating and required skills is being 
recognised. However the methods to ensure that cost estimators achieve these skills 
is less well understood and documented. 
1 
2.4.10. The need for information management 
From the previous section, it can be concluded that decisions of different 
engineering tasks influence- each other. Furthermore, engineering tasks use 
information from and/or generate information for other engineering tasks. In order 
to adjust the need for and the availability of information from different engineering 
tasks, the structuring of information has to be unified and communication between 
the engineering tasks has to be made possible. When concurrent engineering is 
applied in the product development cycle, the need for communication increases 
even more. Concurrent engineering, i. e. the simultaneous execution of shared tasks 
by separate departments and the control of cooperative decision-making, requires 
additional tuning of engineering. - '; 
The possibility of communication between the engineering tasks is based on both 
the availability and accessibility of coherent information (Lutters, 1997a). In the 
automation of the product development cycle, engineering databases play a key 
role (Billo, 1987). An engineering, database can contain geometric, physical, 
technological and other properties of "technical" objects and the relations between 
these properties (Billo, 1987). Usually, the engineering tasks require information 
from multiple databases. Therefore, for the integration of engineering tasks in the 
product development cycle an information management system is indispensable. In 
chapter 5, an information infrastructure model will be discussed. 
2.5. Modelling Techniques 
Cost estimation information exists in, the companies, some information is in a 
written format and plenty of information is "stored" in the heads of the cost 
estimation experts. Thi s information (or knowledge)'is therefore available for the 
cost estimation research but it needs to be'clicited and modelled. The elicitation of 
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knowledge is itself important but organising and presenting the results in a 
meaningful way is also vital. 
There is an enormous amount of different knowledge elicitation techniques. 
Interview methods are the most frequently used of all knowledge elicitation 
methods (Cooke, 1994). Interviews can be divided into two groups: unstructured 
and structured interviews. Unstructured interviews are free-form interviews. 
Neither the content nor the sequence of the interview topics is predetermined. This 
type of interview does not require cost estimation knowledge on the part of the 
elicitor. Therefore unstructured interviews are best-suited for early knowledge 
elicitation. The elicitor can get a broad view of the domain. The drawback of 
unstructured interviews is that they produce plenty of irrelevant data (Oppenheim, 
1993). Structured interviews differ from unstructured interviews in the extend to 
which the elicitation process follows a predetermined format. The questions asked 
can be open or closed. Open questions (e. g. why or how questions) give freedom of 
the answers and give opportunity to probe, but they are time consuming to ask and 
analysis of results takes time. In contrast, closed questions take less time but give 
less information. Structured interviews provide more systematic and more 
complete coverage of the domain than unstructured interviews (Cooke, 1994). They 
also enable to conduct interviews in a faster space as the information asked is more 
explicitly defined. 
An even more structured knowledge elicitation tool is XPat (Adesola, 2001). This 
tool has been used for research conducted by the MOST project. XPat is a process 
driven technique; the knowledge elicitation is structured within input, process and 
output framework. Input is who/what giving information and output is who/what 
receiving information. Tasks are how inputs are transformed to output come from 
the process analysis. The tool uses mainly probe questions to elicit knowledge but 
the difference to structured interviewing is that XPat links these questions to its 
input-process-output framework. The benefit of this approach is that although it is 
time consuming besides knowledge elicitation it also develops a process model. 
Finally XPat facilitates the expert in articulating their experience. 
Besides interviewing and XPat techniques, protocol analysis is a useful method for 
knowledge elicitation (Ericsson, 1984). This technique is based on observing an 
expert. This expert is trained to "think aloud" while solving assigned problems. 
The performance of the expert is closely observed and recorded. The value of this 
method comes from the fact that both physical and mental actions can be elicited. 
The mental process complements and explains the physical performance. The 
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drawback of this method is that it requires plenty of preparation and time to train 
the expert. 
As a conclusion it can be said that interviews can produce results that are unwieldy 
and difficult to interpret. But they can provide results in the short time available 
with the experts. XPat provides a much more structured way for the knowledge 
elicitation but it is time consuming and requires a trained elicitor. Protocol analysis 
is based on observation but it also requires special preparation before sessions. The 
technique is also time-consuming as the knowledge elicited is based on the actions 
of the expert. 
Further analysis of knowledge elicitation techniques will follow in Chapter 3 and 
the research design section. 
2.5.1. Information Modelling 
The previous section identified techniques for the knowledge elicitation. Structured 
interviews do not have a "structure" themselves, as that is defined by the elicitor. 
This section discussed information modelling and how it links with the knowledge 
elicitation. 
Loos (1998) and Vernadat (1996) mention that information modelling requires 
understanding what sort of activities people like cost estimators are practising. To 
have this understanding requires business process modelling (Eriksson, 2000). 
Business process modelling captures the broad outline of the activities and 
procedures that govern. cost estimation in a company. This modelling enables a 
better understanding of the key mechanisms of cost estimation in automotive 
companies. Therefore to model information it is necessary to understand the 
process which uses this information. This approach is quite uniform. For example 
information system development tools, such as SSADM (Hares, 1994), and Unified 
Process (Jacobson, 1999) are using the same business process oriented information 
modelling principle. #- 
The link between cost estimation processes and cost estimation information are 
resources (Eriksson, 2000; Luo, 1999; Melao, 2000). The processes can be divided 
into smaller component, activities. These activities have explicit goals (a reason for 
existence), a set of input objects and a set of output objects. The input objects are 
transformed, or consumed as part of the process. They can be for example 
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information, such as material rates. The output objects represent the 
accomplishment of the goals and are the primary result of the process. In the cost 
estimation they are fmal cost estimates or subtotals (in detailed cost estimation). 
The activities do not access information directly but the information comes from 
resources. To perform ' 
their functions activities utilise resources, such as reports or 
databases, and it is inside of these resources where the information resides. 
Therefore it is essential for information modelling to find appropriate resources. 
The literature (Bashir, 2001; Eriksson, 2000) suggests that the models help to 
understand and manage complexity by simplifying details. Therefore it is not 
necessary for a business model to capture an absolute picture of the business or to 
describe every business detail. The models should identify resources to the required 
level so that information elicitation is as thorough as possible. 
This is important as cost estimators utilise plenty of expert judgement during their 
activities therefore detailed modelling of their activities would be time consuming. 
Zucker (1995) notes that there is a practical problem when modelling engineering 
knowledge (which is important to cost estimation). The problem is how the 
information model may support extensions from general-use data to custom data 
descriptions. The latter requires the addition of very fine-grained information about 
company or specific products. However modelling this is very time consuming. 
2.5.2. Information Model Presentation 
Information Modelling is the process of building models of the whole or part of an 
enterprise (e. g. process models, data models, new ontology's, etc. ) from knowledge 
about the enterprise, previous models, and/or reference models as well as domain 
ontology's and model representation languages. 
No complete enterprise modelling method currently exists and there is serious 
doubt that it will ever exist. There exists a wide range of model types which can be 
used to describe aspects of an enterprise. Mentioned below: 
Descriptive models: These models are very good for common under- 
standing and communications among people because of their informal, 
easy-to-grasp, syntax or fonnalism. Usually, they make use of diagrams 
comprising boxes, circles, and arrows. Typical examples include entity- 
relationship diagrams (ERD), SADT (Structure Analysis and Design 
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Technique), or IDEF (ICAM (Integrated Computer Aided Manufacturing) 
Definition Method) notations. 
" Formal models: . These models are expressed by means of 
formal 
description techniques (FDT) with precise syntax and semantics. Their 
objective is to provide rigorous system description and analysis of model 
properties. Examples include models ý written in LOTOS, Estelle, Z, 
EXPRESS, etc. 
" Programming models: Indeed, any computer program is a model which 
has the property of being an executable model (as opposed to others which 
are at most computer process able)-They must have a formal syntax and 
semantics formed by their underlying language, which ranges from 
assembler languages to conventional programming languages and to fourth- 
generation languages. , 
" Analytical models: These are formal models with a sound mathematical 
basis. They have been developed to support computations, model property 
analysis, or performance evaluation of systems. Examples include control 
models (transfer functions), differential equations, economic and physical 
laws, queuing networks, Petri nets, and various types of'graphs. In some 
cases, they have an associated graphical formalism for better human 
understanding. 
The intention of the researcher is not to review all kinds of models applicable to 
enterprise modelling but to present essential modelling techniques that will help 
him in developing the data infrastructure for cost estimating at conceptual design 
stage. 
After reviewing the literature it was found that there is no single best methodology 
for presenting information models. The popular ones are IDEFO (Integrated 
computer aided manufacturing Definition), IDEF3 and Unified Modelling 
Language (UML) (Dorador, 2000). Each of these methods has their weaknesses. 
IDEFO 
IDEFO is a method used to specify completely the functional relationships in 
manufacturing environments. IDEFO enables to model decisions, actions and 
activities (Wu, 1994). IDEFO, is used to model activities and information flows. It 
also models the functional relationships and data that support the integration of 
those functions. IDEFO abstracts away from timing, sequencing, and decision logic. 
This also creates its disadvantages as IDEFO has no time dependency so it cannot 
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model process flows. Nevertheless, it is a powerful tool for static functional 
modelling (Colquhoun, 1991). 
IDEF3 
IDEFO left a need for other methodologies able to capture the sequences of 
processes and information structures (Mo, 1998). IDEF3 was created for this 
purpose (Mayer, 1995). IDEF3 can describe activities and their relationships at 
required detail. IDEF3 has been introduced to model the flow of control and 
objects within business processes (Mayer et al., 1992), i. e. to complement IDEFO 
diagrams with a process model for the enterprise behaviour and, therefore, to 
supplement IDEF2(IDEF, 2002). The IDEF3 process description language is 
essentially a diagramming language. The modelling tool for the representation of 
the diagrams is made by kbsi software called ProSim. Kbsi is a software company 
providing similar tools for the whole IDEF family (KBSI, 2001). 
It is supported by a set of forms to collect requirements and is based on two 
components: 
oA process flow description; and 
o An object state transition network (OSTN) description. Objects are the 
entities manipulated by processes. IDEF3 defines an object as an 
abstraction of a real-world entity which intervenes in a process description. 
Pmgo&Uqýýý 
IDEF3 makes use of four essential types of constructs to describe processes: 
o The units of behaviour (UOBs), 
o Junction boxes, 
o Links, and 
o Referents. 
The IDEF3 formalism, although not formally defined, is interesting because it 
provides the basis for a real and expressive process model. Any kind of process 
flow can be modelled. Cooperative activities are taken into account although 
described in a primitive form using relational links. One of the major strengths of 
IDEF3 is the description of synchronisation mechanisms, either between processes 
or between processes and their environment. 
Limitations include the facts that exception handling mechanisms are not 
documented; there is no explicit handling of triggering events, and different ending 
statuses of a process step are not modelled, although they may influence the logic 
of the process flow. Time is not incorporated and resources are ignored. The model 
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is, therefore, not suitable for simulation, but remains descriptive. Time can be 
easily added in the form of mean duration associated to UOBs. However, 
behaviour rules defined by precedence links and junction boxes are not defined in a 
computer-process able form. 
Information Access Diap-rams 
Court et al (Court, 1995) propose a technique, Information Access Diagrams 
(IAD), for better representation of the key information sources, and how they are 
used. Their methodology also identifies the information access routes used. IAD is 
based on IDEFIX However this method does not address business modelling 
requirements, therefore it would be necessary to combine IAD with IDEF3. The 
limitation is the one of IDEFIX (Zhang, 1996a). IAD does however give a better 
understanding of what people are doing during their activities. 
Unified Modelling Language (UML) 
UML is a standard notation for the modelling of real-world objects (Fowler, 2000; 
OMG, 2001). It enables to visualise, specify and document the elements of a 
software-ware system. UML offers a standard way to do these activities. It has 
received broad industry support since its introduction in 1997 and is a standard 
modelling language nowadays for, computer software systems (France, 1998). 
Although the language is new it is- has already become quite dominant and the 
number of tools for it is growing rapidly. The language has gained even more 
strength when it was realised that UML is also suitable for business modelling 
(Fowler, 2000; Eriksson, 2000). UML modelling centres around nine predefined 
diagrams: Class diagram, Object diagram, Statechart diagram, Activity diagram, 
Sequence diagram, Collaboration diagram, Use-case diagram, Component diagram, 
and Deployment diagram. These diagrams provide an extensive set of notational 
elements for different needs. In the context of information modelling, the correct 
definition of class diagrams is most critical (Dorador, 2000; Zhao, 1999). 
Even UML is not without disadvantages although UML rcflects some of the best 
objcct-oricntatcd modelling practices; one of these is that UML does not offer 
semantics precise enough for all uses. The use of UML in nontrivial development 
projects can be problematic. For example the UML group (UML) is researching 
more precise semantics for the UML (France, 1998). 
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2.6. Summary and Key Observations 
In the first Section (2.1), the author explains the notion of cost and the possible 
breakdowns it comprises. The way indirect costs have changed in the last 50 years 
and that they account for the biggest percentage of the total cost of a product is 
described. The importance of ABC is highlighted. 
In Section 2.2 the author explains how cost estimating and cost managernent are 
interlinked and how important it is for information to be shared across the two 
sectors. The views of researchers and practitioners, with respect to using cost 
estimating techniques are presented. 
The key obserx, ations are: 
Tile importance of CE-C and CE-E working togethcr is established; 
Tile importance of accuratc and consistent information is acknowledged, 
A distinct lack of literature with regards to Information and its . sources Is observed 
by the author that needs to investigatc further if he is to develop his data 
infrastructure for the autornotive industry. 
The possibility of using detailed, "bottom-up" estimating as the bases of the 
costing framework is suggested by the author, due to the possibility of 
standardising estimates for specific commodities. 
Finally the costing methods are reviewed. A summary is provided below: 
Expert judgemen 
V Is an unscientific and unstructured process that does not capture the rational of the expert when 
cost cstirnatcs are developed. 
if reasoning behind the cost estimate is unclear then it is not easily possible to verify how 
accurate or valid the estimate is, 
is one of the most widely used methods 
Detailed. Esfimafiný, ), 
" Is used after conceptual design in the product life cycle, especially during production. 
" The method gives precise results but it requires detailed product and manufacturing process 
information which is rarely known and accessible (luring design phase. 
" It relies on continuity andjudgcmcnt of cost estimator to be able to repeat similar cost csfirnates 
in exactly the same way 
Very dependent on correct information 
Maminal Cosfim,, 
VA method that splits up the cost into a variable and a fixed component. 
,/ Useful for making managerial decisions. 
Activity Based Costina 
'/ Relies on the ability to be able to identify the activities that create the product. 
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Provides a more accurate cost estimate than detailed estimate because it enables to distribute the 
overhead cost more accurately to products who consunics resources. 
Unavailability of detailed data is ail issue. Task level data is not maintained, and summary dctail 
does not allow itcm-by-item cost tracing 
High cost for implementing ABC Systems 
Parametric EstimatinR 
V Parametric estimation can be used before having described the product completely and that is 
one of the reasons for its popularity. 
It's a black box, as having incomplete information happens quite often and cost estimators have 
to guess missing parameters. 
Analogical Cost Estimation 
Rclies on cornponcrits having been estimated before. 
The casc-based reasoning (CBR) is one of the most popular of analogical methods. 
Advantages of CBR arc better transparency than using parametric methods. 
Target CostjLig 
V Is its much a technique for profit management as it is for cost management, 
V, Although can be used to manage the life cycle cost, it Is mostly used during the design and 
development where most cost impacts are made. 
Design to Cost 
V1, Sonic major issues to be solved before designers can have suitable information which accurate 
and timely for costing evaluation. 
V Geiger (1996) mentions that there are three major reasons for this; 1) isolation of product 
designing from cost information, 2) the lack of suitable tools to give feedback about cost 
implication, and 3)"inability to integrate the existing but diverse and heterogeneous data of the 
various functions". 
In Section 2.3 the author discusses how value engineering and functional analysis 
can help monitor and reduce the costs with respect to the functionality of the 
product. The key observation here is that costing issues have been considered by 
design engineers and the relevant academic literature, in order to assist designers. 
There has been little effort in using functional approaches with traditional cost 
estimating techniques as they would be used by the Cost Estimators themselves. It 
is the author's intention to investigate this area of research. 
In Section 2.4 the author describes how important information is to cost estimators. 
The key observations are: 
V information facilitatcs the interaction of people, material, equipment and money to 
reach at the profitable and competitive products. 
Correctness of information is important as poor information can cause nlUltiPle 
problems such as designs which are not optimiscd for manufacture or assembly and 
purchases of overpriced components. 
Cost Estimating are crcatcd and decisions are often made on the basis of inaccuratc, 
incomplete or out of (late information. 
Information sources can vary from suppliers to internal manufacturing data. 
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V, Also multiple information sources create a problem of variability; different sources 
can be used to make same estimates. This variability creates subtle changes between 
cost estimates. 
Reliable information reduces uncertainty and therefore risks. 
The information produced by cost estimators gives bases for commercial evaluations. 
In Section 2.6 the author describes information modelling techniques in order to 
identify suitable tools for his study. 
V The key observation is that the models help to understand and manage complexity by 
siinplifying details. Therefore it is not necessary for a business model to capture an 
absolute picture of the business or to describe every business detail. 
In summary, the author has presented a structured account of the costing techniques 
used by commercial and engineering discipline within cost estimating. The 
importance of information and how it is corni-nunicated across the disciplines is 
also observed. 
The author identified that there is a lack of research with regards to the type of data 
and information that is necessary in order to perforin cost estimates for a specific 
industry. It is his intention, as inentioned in the next section, to investigate that 
further and to provide a data infrastructure for tile automotive industry as one of his 
contributions. 
Another gap identified in the research literature is the interaction of CE-C and CE- 
E and what are the issues surrounding them at conceptual design stage. It is the 
author's intention to conduct an AS IS study (Chapter 4) that will address these 
issues and provide some insights to their relationship. 
Other issues were also highlighted that are going to be addressed in the following 
chapters. In particular, the development of a framework that aligns commercial and 
engineering disciplines within cost estimating at conceptual design stage by 
identifying a data infrastructure and employing functional decomposition 
techniques for cost estimating purposes. 
To successfully achieve this aim, an appropriate research methodology Is designed. 
The following Chapter presents the development of a research strategy by tile 
author, which he hopes will address the important issues that were identified within 
this literature review. 
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3. Research Aim, Objectives and 
Methodology 
In the previous chapter, the techniques 
and methodologies cost estimators 
ernploy for their work were presented. 
With that, the issues related to the use of 
data and information within CE was 
Chapter 3 discussed. The key observations from this Research 
ýjectives & study were the lack of research in the 
leihodoloýzy interaction of CE-C and CE-E and a lack 
of formalised approaches for mproving 
-n. Based on these interaction between thei 
key observations, the main research aim 0- W. rk 
--"-L 
I 
and objectives were identified. In order to 
--J satisfy them, a research methodology has 
to be established. 
Therefore, the aim of this Chapter is: 
Chapter Aim: 
To present the research methodology and techniques used to accomplish tile 
research aim and objectives. 
To achieve this aim, the chapter will address the following points. In section 3.1, 
the research aim and objectives are defined. In section 3.2, the different research 
methodologies are investigated and the author selects a qualitative approach for his 
research. In section 3.3, the research strategy is presented. The author explains wily 
he chose to perform a survey study at the beginning of his research and why lie 
selected a case study approach to develop further his ideas. In section 3.4, the 
research methodology is defined. Finally, in section 3.5 the chapter summary and 
key observations are presented. 
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3.1. Research Aim and Objectives 
The airn of this thesis, stated earlier within the introduction, is: 
Thesis Aim: 
To improve the internal cost estimating practices at the conceptual design stage 
within the automotive industry environment. 
After the review of the literature, the relevance of this research is put into context.. 
Here a summary of the research 'gaps' is presented. 
. There is a distinct lack of research on the interaction of commercial and 
engineering disciplines within the area of hardware CE. Current research does 
not differentiate across industries and organisational structures of costing 
departments. 
There are different views and contradictions with regards to the costing methods 
applied by experts at various stages of the product life cycle. This suggests that 
there is potential for the creation of a more formalised and consistent framework 
that will assist Cost Estimators to perfon-n their role more efficient. 
To address the research gaps the following questions are raised. 
0 What type of data do cost estimators need'? 
0 What level ot'detail is needed in the data provided'? 
01 low can product cost estimates be modelled using the existing 
information sources at the conceptual design stage to improve 
interaction between C'E-C and CE-E? 
0 Is it possible to help the interaction of CE-C and CE-E at the 
conceptual design stage'? 
By answering these questions, the author seeks to address the lack of research 
related to the data requirements for cost estimating of complex hardware products 
in the automotive industry. Furthermore, the author tries to establish if it is feasible 
to develop a model that conveys both the product functionality and the cost 
estimator's expert judgement. In this way he hopes to create a more structured, 
formal and reusable approach in developing cost estimates at the conceptual stage 
of design. To guide the research process the following objectives were set: 
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" To identify state of the art research in CE and related areas at the conceptual 
design stage across different industries. 
" To assess the cost estimating practices in manufacturing industry and the 
challenges that organisations face across their commercial and engineering 
groups at the conceptual design stage. 
" To model the interaction of activities and processes of the cost estimating 
department within the automotive industry, the associated information flows 
and to specify data and information requirements for CE. 
" To develop a structured and consistent CE framework that will improve 
interaction between CE-C and CE-E. 
3.2. Overview of Research Methodology 
Once the research airn and objectives are defined, the next stage is to collsider the 
future research strategy or approach that would be used. 
3.2.1. Research Purpose 
The first step that should be taken into consideration is the purpose of the research. 
Robson (2002) defines three different kinds of purposes for carrying out research: 
exploratory, descriptive or explanatory (Table 3.1 ). 
The previous chapter concluded by identifying the need for research into the 
commercial and engineering aspects of cost estimating. As this is all area that 
hasn't been researched enough, there is not a lot of public information about tills 
concept and all the issues related. For this reason it was decided that the approach 
for the research is the exploratorv one, based on qualitative research. The research 
strategy will be described in more detail in section 3.3. 
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Table 3-1: The purposes of research (Robson, 2002) 
Exploratory 'Nis -has the aim of analysing a new or unknown sub , 
ject, asking questions in 
order to collect inforniation about it. As the subject is new, it is not possible to 
collect quantitative data. Therefore, usually the data collected are qualitative 
data. 
Descriptive This has the purpose to provide a profile of an established situation, requiring a 
substantial knowledge of the situation. 
)"u 
The required knowledge allow-, the researcher to select the ýmd of data that he f data that he 
needs to collect. 
The data collected can be both qualitative and quantitative. 
Explanatory This gives an explanation to an existing problem in more situations, usually it, 
the forin of causal relationships. 
The data collected can be both quantitative and qualitative. 
Exploratory research requires to examine what theories and concepts are 
appropriate, develop new ones if necessary and whether existing methodologies 
can be used. It involves pushing out the frontiers of knowledge in the hope that 
something useful will be discovered (Phillips, 2000) 
3.2.2. Quantitative and Qualitative Research 
Aliaga and Gunderson (2002) defined quantitative research as "explaining 
phenomena by collecting numerical data that are analysed using mathematically 
based methods (in particular statistics)". Quantitative research involves counting 
and measuring of events and performing the statistical analysis of a body of 
numerical data (Smith, 1988). The assumption is that there is an objective truth 
existing in the world that can be measured and explained scientifically. 
The main strengths of the quantitative approach are objectivity and reliability 
Matveev (2002). Following the original set of research goals, it is possible to arrive 
at more objective conclusions, testing of the hypothesis and determining the issues 
of causality. Reliability of data is achieved due to controlled observations, 
laboratory experiments, mass surveys, or other form of research manipulations 
(Balsley, 1970). The weaknesses of the quantitative approach are firstly, the 
lack of 
information provided to the researcher with respect of the context of the situation 
where the studied phenornenon occurs; and secondly, the outcomes are 
limited to 
those outlined in the original research proposal due to closed type questions and 
the 
structured format, and therefore do not encourage the evolving and continuous 
investigation of a research phenomenon. 
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Qualitative Research is collecting, analyzing, and interpreting data by observing 
what people do and say. Qualitative research is much more subjective than 
quantitative research and uses very different methods of collecting information, 
mainly individual, in-depth interviews and focus groups. The nature of this type of 
research is exploratory and open-ended. Small numbers of people are interviewed 
or a small number of focus groups are conducted. 
The main strength of this approach is that the researcher can obtain a more realistic 
feel of the world that cannot be experienced in the numerical data and statistical 
analysis used in quantitative research and therefore provide a holistic view of the 
phenomena under investigation (Bogdan & Taylor, 1975; Patton, 1980). 
Furthermore, there are more flexible ways to perform data collection, subsequent 
analysis, and interpretation of collected information (Matveev 2002). The main 
criticism of the qualitative method is that it is possible to arrive to different 
conclusions based on the same information, depending on the personal 
characteristics of the researcher. Furthermore, there is a lack of consistency and 
reliability because the researcher can employ different probing techniques and the 
respondent can choose to tell some particular stories and ignore others. 
3.3. Research Strategy 
There are many research strategies or methods that can be used to collect the data 
necessary to answer the research question. The method of research chosen depends 
on the nature of the enquiry. Robson (2000) presents three traditional research 
methods widely used and recognised: Experiments, Surveys and Case Studies. The 
characteristics of these are presented in the following table: 
The author decided that he had to use two different research techniques for 
different stages of the project. His first study, presented in detail in chapter 4 was 
conducted as a survey. The main body of the work was conducted using case 
studies. 
The main reason for choosing a case study approach was the fact that this research 
is industrially sponsored. This reality provided the researcher with access to "real 
world" situations and in an environment where CE experts were available for 
interviews and data collection. Furthermore, as already established in the previous 
chapters, many of the processes employed by cost estimators are informal and not 
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documented. Only direct involvement of the researcher in the environment would 
uncover further details. 
Table 3-2: Characteristics of research strategies (Robson, 1993) 
Experiments "Measuring the effect of manipulating one variable on another variable. 
Its typical features are: 
- The selection of samples ofindividuals from known populations 
- Allocation of samples to different experimental conditions. 
- Introduction of planned change on one or more variables. 
- Measurement on small number of variables. 
- Control of other variables. 
- Usually involves hypothesis testing. " 
Surveys "Collection of information in standardised form from groups of people. 
its typical features are: 
- Selection of samples of individuals from known populations. 
- Collection of relatively small amount of data in standardised 
form from each individual. 
- Usually employs questionnaire or structured interview. " 
Case studics "Development of detailed, intensive knowledge about a single 'case', 
or of a small number of related 'cases'. 
Its typical features are: 
- Selection of a single case or a small number of related cases 
of a situation, individual or group ofinterest or concern. 
- Study of the case in the context. 
- Collection of information via a range of data collection 
Techniques including observation, interview and documentary 
analysis. " 
3.3.1. Case-study Strategy 
Case studies are widely used for industrial research (Gurninesson, 199 1). Using a 
case study approach is a way of verifying or building theory. It can assist in 
strengthening a conceptual definition or challenge an existing way of thinking. It 
involves examining a representative instance as a way of seeing whether an 
existing theory really works, or to generate hypotheses or to examine the 
consequences of a decision. Therefore the author acts as an explorer who is 
mapping out and suggesting new areas of Investigation (Evans, 2002) 
3.3.2. Case Study Issues 
Case study is a descriptive method, not an explanatory one. Therefore conclusions 
about cause and effect relationships are very difficult to draw. Case studies are 
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subjective. Participants are asked to respond t general questions and the interviewer 
explores their responses to identify people's perceptions and opinions about a 
specific topic or idea. Therefore the findings are directly dependent upon the skills 
and sensitivity of the interviewer. Finally, case studies usually involve an 
individual or a small group and therefore maybe it is not representative of the 
general group or population. This has the potential effect that important details are 
left out. 
3.3.3. Case Studies and Data Collection 
After data has been collected in an enquiry, it has at some stage to be analyzed and 
interpreted. A common approach is for this to take place after all the data are 
collected. However, sometimes, and -particularly with case studies, it makes sense 
to start this analysis and interpretation when you are in the middle of the enquiry. 
This analysis is necessary as "raw" data by itself is not sufficient for useful 
conclusions (Robson, 2002). It is often the case, during the analysis of the data that 
ideas and useful interpretations are developed (Bums, 2000) 
Data is usually collected in the form of document, archival records, interview 
transcripts, direct observation, participant observation and artifacts. By using a 
combination of these data collection approaches, a case study is more likely to be 
complete and credible (Yin, 1994). Furthermore, by cross-checking data from 
multiple sources, the study becomes more credible. It is important to note, that 
during the data collection, the research questions that initiated the case study 
maybe are modified due to new key factors that emerged during the data collection. 
3.3.4. Validity 
Validity is concerned with whether the findings are "really" about what they appear 
to be about (Robson, 2002). The main threats to validity are subject error, subject 
bias, observer error and observer bias. Subject error, refers to the possibility of 
interviewing a subject or monitoring a system at a moment that it does not 
demonstrate its typical behaviour. Subject bias refers to the possible influence an 
external parameter, indeed the observer himself, can have on the subject under 
investigation, as the subject may not respond honestly to the questions asked. 
Observer error refers to the possibility of the researcher not understanding or not 
documenting correctly his findings. Observer bias refers to the issues of 
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interpretation due to the interference of his assumptions and preconceptions in the 
analysis of the data. The author deals with these points in the next section. 
3.4. Research Methodology 
Based on the research strategy considered so far in this chapter, a research 
methodology is proposed in Figure 3-1. The methodology itself can be divided in 
three phases: 1) Reýearch strategy development 2) data collection and idea 
formulation 3) data analysis and validation (Rush, 2002). 
In the strategy development phase, different approaches to research were 
considered such as quantitative and qualitative approaches. The decision was made 
to use a qualitative approach. At this point the different research strategies were 
considered (see table 3-2) and a case study strategy was chosen. Further analysis of 
how to perform case studies took place in order to make sure the best utilisation of 
this technique. 
During the second phase, the different data collection approaches are considered. 
The researcher, having made some decision about what he needs to know and why 
he needs to know it, and similar dec ision about where and from whom he is going 
to get the information, the remaining major question is how to get this information 
(Robson, 2002). Since an exploratory approach was decided (see section 3.2.1), 
very general research questions and a weakly defined sampling strategy is used. 
As already mentioned in the previous section, there are issues that need to be 
addressed in order to ensure the validity of the findings. In order to achieve this, the 
author decides to: 
Prolong the process of data gathering in the costing departments. This will 
allow the author to become accepted by co-workers in the company and will 
reduce the subject bias. It will be more likely that the information provided 
will be objective and not what the subject thought the author wants to listen. 
Employ the process of triangulation by using a variety of data sources as 
opposed to relying solely upon one avenue of observation. The same 
approach is taken by also engaging with more than one expert in the costing 
department. 
Maintain a collaboration on the interpretation of the data with the people 
who provide it. 
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Complement the file of materials from the actual site with additional 
document support that can be audited. 
Consult with colleagues in the costing department before composing the 
final report, in order to establish validity through pooled judgement. 
For instance, the author arranged during the development of his AS-IS study, to 
spend from a couple of days to a week within the costing departments. The author 
made sure to get in contact with as many specialists and to triangulate the 
information 
' 
he was receiving with at least another colleague who was performing a 
similar fiinction. Furthermore, any available documentation that could prove the 
arguments of the expert was also audit. 
The author also continuously reviewed the literature during the case study period in 
order to ensure that the ideas and methods developed from theory related well to an 
industrial environment. Through a combination of case study results and literature, 
the data infrastructure (see chapter 5) and the idea of the functionat-based model 
were formed (see Chapter 6 and 7) 
'Data analysis- and validation was the last step of the research methodology. The 
researcher used semi structured interviews with the experts, not only from the 
industrial sponsors but also other companies, from similar and other industries. 
This ensured that the data infrastructure developed was valid to a wider domain 
thanjust the sponsors. The results of this study are discussed in chapter 5. 
The AS-IS survey was used to develop the functional-based costing model 
(Chapter 6). Experts were interviewed from both the automotive and the aerospace 
industry. Its validation was performed both with the sponsoring companies and 
another automotive company (chapter 7). The results are presented in chapter 6 and 
7. In the final chapter the research contribution and the conclusions are discussed. 
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3.5. Summary 
In section 3.1 the research objectives were discussed. To achieve these objectives, 
the author reviewed the different research methodologies in section 3.2. A 
qualitative approach was chosen. The author decided to use a survey approach in 
the beginning as he needed to review a wide selection of organisations. Then a case 
study approach was chosen as the industrial sponsors provided a favourable 
environment for this. Therefore in section 3.3 the issues of case study research are 
discussed. Finally, in section 3.4 the research methodology was presented, the 
author explained how he tried to minimise the risk with regards to the validity of 
the results. 
In the next chapter, the findings of the survey in interactions between CE-C and 
CE-E are presented. The research methodology described in this chapter lead to the 
identification of the problem under investigation and more importantly explained 
how commercial and engineering disciplines within CE do not communicate with 
clarity due to their mismatched focus. 
9 
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4. Cost Estimating Survey: AS-IS 
In the previous Chapter, the research 
methodology presented by the author 
concluded that a combination of survey 
and case study research was the most 
appropriate method to satisfy the aims 
and objectives of this thesis. Within this 
chapter, the author discusses the initial 
survey (AS-IS) conducted with the use of 
questionnaires and sern i -structured 
interviews. 
In chapter 3 (methodology) the researcher 
stated his assumptions that CE-C and CE- 
E face communication issues and that 
best possible practice was not carried out. 
I ýy This survey is necessary in order to 
validate the hypothesis, and if true, to highlight the potential problems that arise. 
Therefore, the aim of this chapter is: 
Chapter Aim. 
To examine the current CE practice within industry: to examine thoroughly the 
costing processes utilised and the intcrt'ace between CE-E and CE-F in the 
overall costing of a product at conceptual design stage. 
This Chapter details an AS-IS study for the automotive industry with empliasis at 
the conceptual design stage. In total, five autornotive companies arc Investigated. In 
order to expand the possibilities of application of the research and to investigate if 
there are differences across other industries, the author interviewed also nine other 
organisations. 
In section 4.1 the author describes the methodology used in order to conduct the 
study. A questionnaire was developed to support tile interviews conductcd with tile 
cost estimating experts. Section 4.2 presents the results of the study. Various 
observations were derived from the company visits. The points highlighted include 
commercial and engineering activities within cost estimating; the perceptions of 
each others role and the detrimental effects of common misconceptions throughout 
different organisations. Section 4.3 presents general comments observed through C71*1 
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out the study. Finally, in Section 4.4, Chapter summary and key points are 
presented. 
4.1. Design of AS-IS 
An AS-IS model, as the narne suggests, is a representation of a practice or situation 
as it currently stands: A thorough investigation into the subject being outlined is 
required in order to present it accurately, with insight and to highlight useful detail. 
In the next sections the author describes the steps he took in order to complete the 
AS-IS study. 
4.1.1. Questionnaire Development 
The questionnaire was developed by the ICOST team in order to test the hypothesis 
of this thesis that there is a communication issue between CE-C and CE-E at 
conceptual design stage. The survey's objective is threefold: 
Identifying issues, if any, that exist between CE-C and CE-C across the 
broad field of 'product cost estimating'. Thus to an extent the questionnaire 
was generic, designed to be relevant for specialists across areas involved 
within commercial and technical costing practices; 
2. Help to identify the process and data requirements in order to construct a 
cost estimate (more information on Chapter 5), and; 
3. Used as the basis for a semi-structured interview (section 4.1.3) as the 
experts often raised issues that were not covered by the questionnaire but 
were also of significant importance for the author to have an overall picture 
of Cost Estimating. 
The questionnaire consists of two major parts: General Issues and the Interface (see 
Appendix A): 
The General Issues information is important in order to know how well qualified 
the cost estimator interviewed is so that the researcher is able to place their 
comments into perspective. 
The Interface questions asked how cost estimators are linked with other 
stakeholders in a company and how CE-C and CE-E see each other. 
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The focus on interaction between CE-C and CE-E is at the conceptual design stage 
of the product. 
Pilotini4 the Ouestionnaire 
Before the team sent the questionnaire out to be completed, it was reviewed 
initially by the sponsoring companies and some experts within the cost estimating 
community. Sections of the introduction and the layout of the questionnaire were 
modified accordingly, as and where necessary, until a satisfactory version was 
produced. 
4.1.2. Target Audience 
it was decided to target specific companies and to utilise the contacts available to 
the University and from the corporate sponsors of tile ICOST project. Tile experts 
were contacted by phone or by e-i-nail in order to introduce thern to the therne of the 
project and to request them to complete the questionnaire. In many cases tile 
respondents decided that they would prefer to answer the questions with the 
researcher being present. This was particularly convenient as the author had tile 
opportunity to expand on his research questions on an 'as required basis' from the 
initial focus of the questionnaire. In some other cases the questionnaire was 
answered either electronically or on paper and was sent back to the author for 
analysis. In many cases some of the answers needed clarification and meetings 
were set with the interviewees in each of the companies that collaborated. 
in order to have a good representation of the CE practices most of the stakeholders 
had to be involved in the study. That involved manufacturing organ'sations in 
automotive and aerospace, construction and software providers of costing tools. 
The companies who were eventually selected for examination were chosen with a 
selection of criteria, including: 
in the scope of work (section 1.4) the author states that the main area of' study is 
manufacturing organisations and more particularly the aUtOMOtiVC sector. As a 
result, a considerable number of companies were intcrviewed from this sector. 
Aerospace, construction and cost estimating software developers compleic(I the list. 
Size (National/Global) 
fit general, the bigger the size of an organisation the more difficult the 
communication becomes between the people. A variation between company sizes 
was chosen in order to establish if' there arc any diff'crenccs in their costing 
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processes. 
Availability 
The biggest issue for the researcher was the acceptance of participation by many of 
the companies. Questions were raised about the use of the findings and how would 
they be disseminated to the rest of the participants. Another constraint was the time 
available the experts were willing to provide for the study. 
The above considerations were all taken with a view of collaborating with the 
widest range of costing groups possible, from a broad selection of differing 
companies, whilst working within the necessary project resource and time 
constraints. Table 4-1 presents a categorisation of the companies visited for this 
Study. 
Table 4-1: Selection of companies for the study 
Due to time restrictions a certain limitation on the number of companies visited 
was set, this also contributed to the length of most of the interviews which ranged 
from one to two days. Resource constraint contributed to the fact that all companies 
examined were either UK founded, or the UK branch of an international 
organisation. 
Thirty five interviews were conducted for this study, involving experts of varying 
knowledge and experience from a total of fourteen organisations. 
The number of people interviewed per company, varied from between one and 
three individuals. These specialists, though varied in skill, were in general selected 
from an experienced section of the workforce under examination. To convey the 
type of personnel from whom the data was procured, a selection of the interviewees 
is listed, with job title, number of years in company and costing background (Table 
4-2). 
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Table 4-2: List of most common job titles of people interviewed 
Title Experience Comi nerci al/Engincering 
Cost Estimator 12 years E 
Group Leader: Cost 
Engineer 
22 years E 
Senior Cost Engineer 25 years E 
Cost Engineer 4 years E 
Head of Pricing and 
Estimating 
22 years C 
Pricing Analysis 
Manager 
10 years C 
Engine er: Product 
Profitability 
Management 
10 years C 
Project Manager: 
Business and Planning 
21 years C 
Proj cct Cost 
Engineering Manager 
23 years E 
Financial Manager 23 years C 
Cost Est. /financc 21 years C 
Cost Estimators 4 years E 
Purchase 3 years C 
Senior Coordinator 12 years E 
Senior Estimator 10 years E 
Estimator 2 years E 
Proposals Manager 22 years C 
Works Assembly & 
'Vest Manager 
12 years E 
General Manager, 
Manufacturing 
19 years E 
a] Coordinator 2 years C 
Projcct Services 
Manager 
10 years E 
Managing Director 9 years C 
Cost Engineer 12 years E 
4.1.3. Conducting the Interviews 
The researchers opted for a seiril-structured interview approach. This enabled tile 
researcher to define the depth of answers provided for different questions and tile 
amount of tirne and attention given to different topics. This series of interviews was 
conducted together with the other research member of the ICOST project. The 
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analysis of those interviews was performed separately, each focusing on his/her 
domain of research. 
The primary function of the questionnaire was to support the pr'MCiple method of 
knowledge elicitation, which was through personal interviews with the industrial 
specialists. The interviews were conducted on site, at each company location, by 
the researchers; they were taped, where possible, to ensure maximum accuracy; and 
to utilise the information to the best detail. The interviews were conducted in order 
to obtain the tacit knowledge of the experts; as well as to procure the processes 
employed for product costing within the company, processes which would be 
documented both formally and informally. 
4.1.4. Dissemination of Observations 
The results of this study are summarised in the form of this chapter. A draft of this 
survey was initially circulated throughout the participating companies, in order to 
allow any necessary modification to the contentý from contributors; prior to 
publication of the final draft and therefore validating the outcome. This report was 
subsequently made available to all participating organisations, plus all sponsors of 
the ICOST project. Due to confidentiality agreement between the companies and 
the authors the findings of the survey are presented anonymously. 
4.2. Analysis of AS-IS Study 
Once elicited, the results were analysed by studying the answers given within the 
questionnaires and the general discussion and points brought out during the taped 
interviews. The comments and insights revealed through the interviews were 
subsequently noted and documented. The background, experience and industry of 
participants were taken into account during analysis. The audio tape information 
was primarily used to confirm/validate all types of results collected. During the 
analysis of the data a natural grouping of observations emerged. The author looked 
at the responses in terms of common, different and specific for each company. 
Quite naturally a lot of similarities existed between the automotive companies, 
similarly a lot of parallels existed within the aerospace companies. In the thesis the 
common observations that where made across the automotive sector are presented 
in, detail. Section 4.3 presents some of the key differences across automotive and 
aerospace industries. The author also identified many issues and possibilities for 
further study which he does not present as they do not contribute to the argument 
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and direction of this thesis. Two main groups of observations are presented in this 
chapter: 
1. CE Data, and; 
2. CE Internal Practice 
4.2.1. Cost Estimating Data 
An important observation of the AS IS study was the lack of a formalised approach 
in regards to a CE database. CE-E produces estimates often based on obsolete data. 
Wherever there is lack of a specific rate, the estimators assume one based on their 
experience. Other cases seen throughout this study was the use of different rates for 
the same labour or machine used within the same department. The reason for that 
was that many estimators had their own database based on catalogues and brochure 
provided by machine vendors and suppliers. In many cases these catalogues were 
very, old -and did not reflect the current rates of the market. Furthermore, the 
estimates were not verifiable by other people in their organisation since the rates 
used were not universal across their company. 
Most companies agreed on the point that a common CE database would be 
beneficial; it was often referred to with slight modification, but generally went 
along similar lines, of containing general costing information, such as overhead 
costs, material , labour costs, tooling and so 
forth. One company examined had 
developed something among these lines, of software that was exclusive to this 
organisation. It saved time and resource, and was noted that it reduced the level of 
expertise required to work efficiently. Concerns expressed towards the usage of this 
software were that the initial knowledge that went into the development of such a 
sophisticated tool was potentially open to being lost. This fear was derived from 
perceptions that a user could have a lack of expertise, but still produce suitable 
results via usage of this developed tool; subsequently promoting the lack of in- 
depth knowledge in future commercial activities within cost estimating. 
Another company specified a further database, with the aim of keeping track of 
process, projects (i. e. each specific project taking place simultaneously), ownership 
of methodology, when personal transferred across projects; with the view of saving 
time in not having to develop new methods by whomever takes over, or spend time 
trying to assess and continue with the old, and so forth. This company was a large, 
manufacturing organisation, and the issues of traceability between projects (to keep 
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track of the numerous consecutively running ones), was something that was a 
detrimental point of data sharing, communication and costing of projects. 
4.2.2. Data Infrastructure-The challenges 
During the AS IS Study, it became quite obvious that there are several challenges 
that shape the working practises used by the cost estimators. Four major challenges 
were found: 
v- Lack of resources for cost estimation 
Difficulties to get access to information 
Correctness of information 
Lack of understanding of cost estimation inforrnation 
Lack of resources for cost estimation 
Cost estimators often have to simplify details. That is because finding more 
detailed information requires too much time and the scarcity of time is a significant 
issue. Evidently the better the data, it would produce more accurate estimates but 
there is fine line where more time and cost is spent in finding information than 
saving costs in another component. The time issue mainly comes from the fact that 
cost estimating departments in most of the big car manufacturers are quite small in 
size compared to other functions. As it is not a part of main line business it lacks 
support. For this reason it is not possible to gain maximum benefits from cost 
estimates. 
Difficulties to izet access to information 
Above it was mentioned that it is difficult the -find information. The information 
needed for making cost estimates exists, but it is not always readily available. This 
creates a necessity to "hunt' 'information. In general it is much more difficult to get 
information from suppliers than from in-house, although it was also noticed that 
even within the O. E. M. itself there can be issues on information availability. The 
availability of the information needed from suppliers varies widely. Some suppliers 
give required information easily, and some do not want to release it. If suppliers do 
not want to release information then estimated figures from historical data need to 
be used. 
Correctness of infon-nation 
The information used for the estimating of supplier's costs is either, provided by the 
supplier or it is estimated. The latter means that the cost data is acquired from 
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internal sources and/or from external, 3rd party sources (consultancy firms, 
magazines, etc. ). In any case the validation of the information is a problem. There 
are never guarantees that the information provided is correct. Similarly the 
information taken from internal and external sources does not necessarily 
correspond with the reality of what are the costs of a specific supplier. More 
detailed investigation is always needed to verify the facts. However this validation 
of the infori-nation is time consuming therefore the cost estimation always contains 
the element of uncertainty. The costs estimates are only educated guesses, CE-E are 
inclined to use expert judgement (EJ) (section 2.2.1). This usage of EJ is quite 
necessary for doing estimates but it creates another problem. It decreases the 
transparency of decision making when creating cost estimates. These estimates are 
created to help other stakeholders in their activities but it is difficult for them to 
understand the reasoning behind the cost estimates. It is difficult for non-cost 
estimation experts to understand how a final estimate is derived, and to understand 
the underlying reasons behind the many assumptions used throughout the process. 
This creates a communication prob1crn. 
Lack of understanding of cost estimating, information 
Cost estimators work often with other groups within their organisation, The 
interviewed cost estimators agreed that all major stakeholders should understand 
the importance of cost information. Purchasing people are important as their 
decisions have significant cost effects. For example, increasing their understanding 
on the importance of information gathering is vital to cost estimators, so that they 
can get the specific information needed for their cost estimates. For that tile buyers 
need a better understanding of what and why cost elements are required. Similarly 
designers should be more aware of how different design solutions have all impact 
on costs. 
4.2.3. Cost Estimating Internal Practice-Conceptual Stage 
Probably the most important activity performed within the commercial discipline 
of CE is the project preparation phase, as one expert quoted: 
"Fropn a commercial esthnating, perspective, an estimate can he requesied ai 
anv part (? f product life£ývi-Ii,. However inost iý ixpn(led in Ihe concept 
phase to generate cost price proposak 
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This activity is very important to automotive companies as it forms the basis of 
future viable products. Similar approaches'are used from tier I and tier 2 suppliers 
in order to get sub-contracts from the OEM's (Original Equipment Manufacturer). 
Figure 4.1 depicts the concept stage. Usually a documentation is produced called 
Cost Information Pack (CIP). A commercial cost estimator circulates to all the 
engineering functions the specification document of the new product and will 
require information across all the engineering disciplines believed to be involved 
with the product, in order to create an estimate. CE-E (engineering functions) 
supplies the technical and engineering information (detailed cost estimate) that 
contributes to the formation of an overall product proposal. The CE-E will assess 
the product specifications, and break down the project into activities. This 
breakdown will be presented to the CE-C. The proposal will thus be collated, with 
the inclusion of this information. CE-E are the primary experts with regards to this 
information, as they possess the technical/engineering knowledge required for these 
types of task. 
The CE-C collates all relevant details, including the commercial and the 
engineering costing information. Once a project had been approved and 
commenced, there will still be involvement from both CE-C and CE-E on an 'as 
required' basis throughout product development. It was stated that the commercial 
specialists would revise estimates throughout the life cycle of the product. More 
commonly, however, they are expected to estimate areas of the project as and when 
required, which is dictated as the project unfolds. 
The CE-E interact with their commercial counterparts at 'requirements capture' and 
'CE stages. Both of these stages require the involvement of the engineering and 
commercial people. During the first stage, the CE-C will prepare a product 
specification for evaluation. Within the second phase, the necessary requirements 
for the successful completion of the product are formed, including manufacturing, 
commercial and engineering requirements. At this stage it was stated that the CE-C 
will have formed initial budget costs based on the previous products and using 
accounting techniques. The challenge of predicting costs for a product at this early 
stage of development heightens when the company is dealing with either a 
completely novel product (that may be technologically advanced for the time of 
development to fulfil a niche market), and/or a 'one -off product like a 'limited 
edition' sports car. On occasion these cases may not have any other products from 
which to conduct suitable benchmarking and make revisions. It was recognised that 
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costing knowledge and experience of both the commercial and engineering kind, 
was necessary to effectively overcorne the above challenges. 
Project 
I 





















Loop due to modified changed 
requirements 
Figure 4-1: Conceptual CE Phase 
The key issues that arise during this process and that the experts stated are: 
The product specýficwions and the impact they have in the product cost 
c,, timate are not properly docunientcd and understood. 
Because this documentation does not exist, it is almost impossible for CF-F 
to replicate results or to have correlations ofcosts w1di similar products. 
Due to this t. act, commercial anti engineering disciplines often disagree with 
flic final cost result of a proposal. 
11 hcre is a lack of interaction between the groups and that Impacts internal 
CE' practice. 
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4.2.4. Cost Estimating Internal Practice-Target Setting 
One point that has been highlighted by most companies has to do with the way cost 
targets are set for future products. Traditionally this is a commercial activity. In the 
past, equation 3 dictated that a company will add the profit it desired to the cost of 
manufacturing a product and that will denote the price of the product. This was 
especially the practice in the military and aerospace industry where in the past the 
budgets were limitless and the objective was to deliver the product with not so 
much consideration to the cost. 
Price=Cost +Profit. (3) 
More recently the trend, arguably, is that the market dictates the price. This bottom 
up approach, of starting by costing the product, and then building the remainder of 
the costs into a figure is no longer feasible in this current commercial climate, as 
specified by a number of costing experts interviewed. Nowadays, it is commonly 
stated throughout industry that the top down approach to costing is used. This 
states that the first consideration is the price that you can sell your product, then the 
margin of profit will be specified and directly removed from the price, which will 
leave the amount (cost) for which the product has to be produced for. This is the 
target cost of the product (equation 4). 
Price - Pr(? fit =Cost (4) 
Cornpames usually break down this target cost of the product into subsystems, for 
example, in a car that will include powertrain, interior body, chassis, etc. Each one 
of the sub-systems will have its own target and within that every single component 
too. For example a car manufacturer produced a medium size car in the past that 
was sold for f 15,000 and now has to sel I it for f 10,000 as this is the price that the 
competition is charging. That means that a reduction of 30% needs to be made 
across the vehicle. Therefore the interior cost of the vehicle will have to drop in 
total 30%, and the same with a single component like a steering wheel. 
The above definition was verified by most of the participants. A typical quote came 
frorn a manager within the commercial section of a large company examined: 
"PHor to engineers doing any work on a product, the cost in lhe. form (? /' 
business trendv (-markei dictutedpriccv, understanding the Customer [which 
is dýl 
ýy are willing to pqv, and related 
issues) 
, 
ficult to asscyl, how much the 
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Commercial estimators provide the cost targets to the cost engineers within most of 
the organisations, a process verified throughout this study. Often, prior to any 
involvement from the engineering sector, the various commercial groups are 
working towards the product from a cost and price viewpoint, encompassing 
various issues, including those stated in the former quote. 
When the cost targets have been set, the commercial and engineering people will 
meet to derive the status costs of their products and to see if they are aligned. In tile 
case that the targets are met, the process is concluded. In the case that there is a 
difference between the target and the status costs, commercial and engineering 
disciplines start an intense and time-consuming negotiation in order to re-evaluate 
their costs. It has to be mentioned that the latter is much more commoii than the 
former case, as discussed with the experts in this research. Figure 4-2 illustrates 
that process. 
II inal 
Figure 4-2: Cost Target setting process 
Another source proceeded to expand on the cornincrcial group's involvement ill 
CE, by stating that: 
'Experienced managers, within an otyanisation, want to generale revenuefiv 
the company, and work towar(A the contpanY'S hest interest. - hul this working 
ethic involves a certain level of oveiview b. v the individual conce"ied. It has 
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reduction without possessing the engineering knowledge with reyards to 
prochict. This creates unrealistic cost targels and creates drifts between 
(commercial) and the engineering people " 
Using the example of the steering wheel again, it might be unrealistic to have a 
reduction of 30% for the steering wheel as the cost engineer who has produced a 
detailed bottom up estimate predicts that every possible saving has been made 
based on the product specifli cations. 
4.2.5. Cost Estimating Internal Practice-Detailed Bottom up 
Estimating 
A definition of the engineering activity within cost estimating is where it attempts 
to model the design to manufacturing cost in a bottom up approach for establishing 
relative costs for different solutions, and methods (section 1.2). Cost engineers 
need to have detailed knowledge about the product, the manufacturing process, and 
manufacturing capability of the organisation. This viewpoint was validated within 
industry, as throughout the interviews it emerged that one of the roles of the CE-E 
was the familiarisation with the advancement of machinery and technology, in view 
of keeping production costs to a minimum. 
CE-E in many companies are required to produce a statement of work, which 
outlines -often at an early stage- what processes, time-spans, and overall costs will 
be involved within any particular project. The necessity for this standard of detail 
and, to an extent, this commitment to specified costs, which are requested at such 
an early stage of proceedings, requires the CE-E to posses a high level of technical 
expertise, as well as a degree of commercial knowledge, and application. 
At conceptual design stage it is very difficult for the cost crigincer to create a link between 
the product requirements (or functions) and the costs. As mentioned in the literature 
review, the most common approach is to use Expert Judgement in the form of 
assumptions. The problern with this approach is that the assumptions are not dOCUrnented 
anti there is no framework in place to rc-usc thcm. 
Figure 4-3 illustrates the most common approach in constructing estimates in the 
autornotive sector. 
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In order to produce the estimate the cost engineer requires a physical part, a 
detailed design or detailed specifications. If he decides that this information is not 
enough, he will try to contact an engineer or the supplier who will be involved in 
building the specific component. Once he is satisfied with his understanding of the 
product he will construct an estimate based on the process outlined in figure 4.3. 
There are often discrepancies between the cost engineer's earlier quotes, and the 
acceptability of these figures from the commercial group. This difference of 
proposed costs, as stated by several industry representatives, comes from the 
difference of ernphasis or importance allocated to the various aspects of the project 
as well to the different understanding that exist between the commercial and 
engineering groups. 
The main reasons are: 
commercial to the engineering people is not well established. There is t 
fi-arnework linking the product functions to a cost estimating template. 
The data available to the cost engineers to perl'onn their estimates is not 
appropriate detail. It was noted throughout the survey that organisations do n 
have a detailed costing database in order to produce estimates, Data is usual 
4.2.6. Perception of Each Others Roles 
The previous points lead directly into the perception of each others roles. 
Disciplines perfon-ning cornmercial and engineering activities within cost 
estimating are required to work in an integrated manner, as discussed previously. 
However due to the very nature of these differing disciplines, there can be 
extensive miscommunication and a lack of fluid interaction. For instance it was 
explained within several companies that there can often be a lack of trust in the 
reasoning behind a data request, from commercial cost estimators to the cost 
engineers. If this request originates from a position of high management, the 
recipient of this recommendation may assume, often incorrectly as was dictated 
throughout this study, that the information is required for some sort of 'monitoring' 
or assessment situation. In this case reluctance to reveal any or all of the 
information requested in order to reach the final output can often be the case, with 
data either being withheld, or only bestowed in part. This is due to the fact that the 
interacting Individual may not realise why such detailed technical data is necessary 
for commercial usage. Also if the cost engineers have over-estimated, and thus not 
118 Improvement of Cost Estimating Internal Practice 
Cost Estimating Survey: AS-IS 
purchased/produced an item at the lowest cost, then the interests of the company 
will not have been met. Therefore, a defensive attitude will confront a cost 
estimator who may require a break down of costs from the departinent, for bidding 
purposes, or who may, for commercial reasons, require a decrease in value of the 
engineering cost estimate. 
Culture 
The culture or 'mind set' present within a number of companies was a major 
detrimental factor in the integration of the departincrits. For example, if the general 
working practice had for several years, been accustomed towards each department 
focusing narrowly on their own specific area, it would subsequently prove 
challenging to insight individuals to modify this adopted method of working 
practice. The promotion of a greater level of interaction, communication and data 
sharing, between departments was thus a substantial challenge for companies 
which desired to change their working practice. Most of the experts interviewed 
reiterated that it is difficult to change established cultures. 
An expert related the situation within a mediurn size company. The situation 
explained, was with regards to the lack of shared data/inforination by the relative 
purchasing department. Within this company, everyone had targets to ineet and if 
people had difficulty meeting these targets they autornatically feel threatened 
within their position. Thus if the purchase department were buying goods at in 
uncompetitive price, they would generally feel that they would not want tills fact 
brought to the attention of the management, even though the siluatioii that they 
were currently practising went against the niterests of the company. This is 
highlighting a culture within that department that will 116cus more miciitly oil 
keeping cost targets high, in order to inct them, rather theii oil cutting overall costs. 
4.3. General Comments 
4.3-1. OEM Vs Suppliers & in-house manufacturing 
One of the areas that was focused oil within this study was the large 111.11IL11'aCtUring 
organisations, primarily OEM companies, who were attempting to reduce tile cost 
of their product not solely from in-house production, but also from tile supplier 
chain. A number of these companies had up to 70% of their product being 
manufactured by external suppliers. 
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purchased/produced an item at the lowest cost, then the interests of the company 
will not have been met. Therefore, a defensive attitude will confront a cost 
estimator who may require a break down of costs from the department, for bidding 
purposes, or who may, for commercial reasons, require a decrease in value of the 
engineering cost estimate. 
Culture 
The culture or 'mind set' present within a number of companies was a major 
detrimental factor in the integration of the departments. For example, if the general 
working practice had for several years, been accustomed towards each department 
focusing narrowly on their own specific area, it would subsequently prove 
challenging to insight individuals to modify this adopted method of working 
practice. The promotion of a greater level of interaction, communication and data 
sharing, between departments was thus a substantial challenge for companies 
which desired to change their working practice. Most of the experts interviewed 
reiterated that it is difficult to change established cultures. 
An expert related the situation within a medium size company. The situation 
explained, was with regards to the lack of shared datafinformation by the relative 
purchasing department. Within this company, everyone had targets to meet and if 
people had difficulty meeting these targets they automatically feel threatened 
within their position. Thus if the purchase department were buying goods at an 
uncompetitive price, they would generally feel that they would not want this fact 
brought to the attention of the management, even though the situation that they 
were currently practising went against the interests of the company. This is 
highlighting a culture within that department that will focus more intently on 
keeping cost targets high, in order to met them, rather then on cutting overall costs. 
4.3. General Comments 
4.3.1. OEM Vs Suppliers & in-house manufacturing 
One of the areas that was focused on within this study was the large manufacturing 
organisations, primarily OEM companies, who were attempting to reduce the cost 
of their product not solely from in-house production, but also from the supplier 
chain. A number of these companies had up to 70% of their product being 
manufactured by external suppliers. 
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The suppliers (in several instances) seem to have recognised the importance of cost 
estimating. The reasoning behind this revelation is that suppliers are attempting to 
procure business from the OEM companies and appearing to be very 'cost aware', 
as supplier competition is perceived to be high. It was noted that within a number 
of supplier companies, cost estimating is used as a verification role for contract 
negotiations with the OEM. A perception is that in order to survive the supplier 
companies were obliged to improve their costing outcomes, which often meant 
collaboration with the OEM. One of the commercial activities of CE within an 
OEM company was to forecast for the purchase department and benchmark the 
suppliers. Within Supplier companies one of the focal points of the commercial 
activities within cost estimating is to assist with the organisation of negotiations 
between the OEMs. 
4.3.2. Aerospace vs. Automotive 
The major differences that can be noted between the aerospace and automotive 
industries, with respect to costing practices is the scale which they are working on; 
and the market which each industry is targeting. The level of integration between 
the commercial and the engineering cost estimating activities was also noticeably 
different between the two industries. 
Scale of Production 
The automotive industry has a few products, but large volume, and to an extent, the 
aerospace industry is working in the opposite way. This clearly affects the costing 
processes, and the interactions between them. 
Tarizeted Market 
The automotive sectors produce for various sections of the public, and aerospace 
produce more for governments, generally on a globally scale, and for entire 
nations. 
General Observation 
The Aerospace industry has strict guidelines which are enforced by the 
government- in form of audits that can be conducted at any time for any aspect of 
the business. The implications of failing to comply with standards and procedure 
imposed can be serious, and thus the necessity to follow procedure, standards and 
regulations within this industry, is recognised: this fact is in contrast to 
observations made across other industries. 
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The automotive sector however is also accountable for its costing practices 
with regards to the commercial and engineering activities in cost estimating, but 
this accountability is towards the private sectors, as opposed to the public. 
Differences between CE-E and CE-C 
The aerospace industry makes a distinct segregation of the commercial and the 
estimating activities involved within cost estimating. This is in fact a fairly unique 
aspect of costing departmental organisation, as revealed from this study. In direct 
contrast, one of the large automotive companies had quite deliberately, and 
effectively, merged the cost engineering activities with the commercial. 
Commercial and engineering activities within cost estimating practices varied 
widely between the aerospace and automotive organisations. The automotive 
tended in many instances, to adopt a more integrated approach towards cost 
estimating. Aerospace implemented a more segregated structure, with complete 
separate groups. 
Both industries seem to face the general challenge of a lack of awareness and 
comprehension between the roles of CE-E and CE-C. The difference arises when 
examining which area primarily interacts with these costing sectors. In the 
aerospace industry, it is, as previously stated, often a case of estimators, interacting 
with cost engineers; in the automotive, it was seen more to be estimators 
interacting with either the finance or the purchasing departments (company 
specific). 
4.4. Observations 
Cost estimators are not achieving maximum utilisation from their engineering 
counterparts. Cost engineers in some cases, are using inefficient methods and over- 
estimating with regards to time and resource required per project on a regular basis. 
This appears to be due to a lack of commercial knowledge from these sectors, 
including CE-E, who may over-estimate in order to set a budget and time 
allowance that can be met comfortably. This was observed in some of the 
aerospace companies surveyed. A reason for this mismatch of focus, as revealed by 
this study, appears to be the culture of companies. 
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It is observed that the cost estimating practice within an organisation needs 
significant improvement in terms of interaction between CE-C and CE-E. There is 
a need for a structured approach to CE that will bring the two groups closer. 
" There is a need for a framework that will link the product specifications at 
conceptual design stage with the cost estimating process. 
" The method will need to be reusable so that cost engineers will be able to 
create estimates faster in the future for similar products. 
" The method needs to be acceptable and satisfy both the commercial and the 
engineering groups of cost estimating. 
"A data infrastructure should be proposed that captures specifically the 
requirements of the cost estimating community. 
" This data infrastructure should be, if possible, usable with the framework 
suggested earlier. 
The author believes that by addressing the above issues he can provide a common 
methodology for commercial and engineering disciplines at conceptual design 
stage for cost estimating. 
Based on the above observations, the author will address in Chapter 5 the data 
infrastructure requirements for the cost estimators and in Chapter 6 the framework 
development. 
4.5. Summary 
In section 4 the author explained why this AS IS study was necessary. In Section 
4.1 the proposed methodology was described, a questionnaire was developed and a 
semi-structure approach to the interviews was utilised. Section 4.2 the main 
analysis of the study is presented. Detailed estimating, target setting and 
Conceptual project preparation were identified as the most important point of 
interaction between the commercial and engineering groups within cost estimating. 
Section 4.3 surnmarised some of the general findings across the different industries 
reviewed. Section 4.4 concludes with the final observation and main points on the 
finding as identified by this study. 
In the following Chapter the data and information infrastructure is presented. 
Different approached to data collections were used to identify the types of data 
needed for detailed cost estimates within a manufacturing company. This structured 
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approach led to the identification of the data elements and structure. This detailed 
analysis confirms and verifies many of the key observations deduced from the 
introduction (chapter 1) and the literature review in Chapter 2. 
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5. Data and Information 
Requirements for Cost 
Estimating 
In the previous Chapter, the author 
assessed the current practices within CE 
focusing mainly on the automotive 
industry and the conceptual design stage. 
The methodology used for the study 
described used a questionnaire and serni- 
structured interviews. Finally the key 
observations ofthe study were presented. 
The literature review and the AS-IS study 
(Chapter 4) found that cost estirnatcs are 
important input for various activities in 
the manufacturing industry. 
During the AS IS Study, it becarrie 
obvious that there are several challenges 
that shape tile working practises used by the cost estimators. Four major challenges 
were identified (section 4.2.2): 
Lack of resources for cost cstimation 
Difficulties to get access to infon-nation 
Correctness of information 
Lack of understanding of cost estimation Information 
Understanding the infori-nation 
Cost estimates are useful information for various people within businesses but 
understanding the basis of them is difficult. Not all personnel have the same levels 
of skill and knowledge as senior cost estimators have. The researchers also l'Ound 
that the information and its sources were not adequate to perform cost cstiniatcs. It 
is equally important to understand what the information actually means, and how 
the values were chosen when the cost estimate was created. There is clearly .1 place 
for a tool that increases understanding on these concepts. 
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This tool is an information infrastructure. The literature review confirmed that there 
is no generic information infrastructure for the automotive industry. Indeed there 
was no published literature identifying the data and infori-nation requirements for 
CE for the automotive industry. This chapter proposes an information infrastructure 
for infon-nation requirements for cost estimation in the automotive sector. This 
infrastructure provides a partial solution for solving practical problems of people 
who will create or use cost estimates. The purpose is to bring detailed information 
to the conceptual stage of design frorn past experience and historical data. This 
infrastructure presents in organised manner what relevant information is needed to 
create cost estimates. It defines pieces of information, explains why they are used 
and where to find them. This infrastructure aims to improve the cost estimation 
practice in the automotive industry. 
Therefore, the aim of this chapter is: 
Chapter Aim: 
To identify data and information requirements for CE and develop a data 
infrastructure for the automotive industry. 
The researcher needs to fulfil the following objectives to achieve this aim, to: 
" Develop a common cost estimation process model; 
" Identify data and information requirements for CE, and; 
" Develop the cost estimation information infrastructure for the 
automotive industry based on the analysis in the form of a web 
portal. 
By identifying a common process the author can show first of all that the 
requirements of different OEMs in the automotive industry are quite similar. 
Furthermore by having identified a common process he can go on and identify the 
required data and information resources needed for performing that process. This 
will improve the internal practice of CE. 
For a better understanding of the research, the following definitions are added. 
'Dufa is the basic level component in all information and knowledge, a piece oj' 
fiact that has no ineaning or value until it is structured, ana4vsed, communicated 
and oiganised'(Schreiber et al., 2000). 
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Data in cost estimating can be considered to be facts regarding floor space 
requirements of machine, labour rates, etc. that are used in the specification of the 
cost estimate. Machine and material suppliers create product catalogues with this 
type of information that could be considered data as they contain basic facts about 
product ranges. 
The data can become information when it is organised, structured and analysed 
in an accessible manner such as a file or database, with the in ormation being 
interrelated insome way (Schreiber ef al., 2000)' 
Examples of information are available as CAD drawings or catalogues of materials. 
These would be considered to be a source of information because the data is in a 
structured, organised and easily communicated form. 
The data infrastructure will help in solving some of the problems identified in 
Chapter I and Chapter 2 with regards to the information requirements. All the 
estimates created will be based on the same data infrastructure therefore creating 
transparency and understanding of the estimates created by other people. 
Furthermore, due to the identification of resources, cost estimators will be able to 
audit that information. 
This chapter describes the process modelling that was performed within six large 
automotive organisations and the subsequent data infrastructure derived. In section 
5.1 the author describes the approach used to conduct this part of the study, 
including the questionnaire development and the process models created. In 
Section 5.2 the process models are presented with the bottorn-up cost estimating 
approach deemed necessary by the author to construct the data in frastrUct Lire. In 
section 5.3 the cost elements as they were identified from the process modelling 
populate the data infrastructure. Section 5.4 describes the data infrastruct Lire and 
the hierarchy of the cost elements is presented. Section 5.5 identifies the (fifferclit 
types of sources required to collect appropriate information for cost estimating. 
Section 5.6 depicts the data necessary as it was identified in the form of' a web 
portal which is discussed in Section 5.7. Finally in section 5.8, chapter summary 
and key observations are presented. 
5.1. Design of the Research 
The approacli taken for this chapter is to IdelitifY Processes across the differcrit 
companies. The author believes that if forinalised processes are cstablislied using 
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process modelling techniques, then can collect the data necessary to perform these 
processes and define the necessary information infrastructure. 
Unlike the initial study (AS-IS) that was performed across different industry 
sectors, the infrastructure will be developed only across the autornotive industry. 
For that reason six automotive companies were contacted to investigate further the 
issue of the information infrastructure. For this part of the research Mr. Harri 
Koponen was a valuable help. Mr. Koponen performed interviews in two of the six 
companies mentioned and contributed to the development of the web portal as part 
of his MSc degree (Koponen, 2002). 
In brief, the methodology used for this study can be explained in three key steps: 
I. The first step is to create a common cost estimation process 
model for the automotive industry (section 5.3). This model 
is derived from the work done in the previous chapter, and 
the processes mapped out with the use of interviews, IDEF3 
and X-Pat (see following sections). The information 
gathering is done by conducting semi-structured interviews 
with the use of a questionnaire. The questionnaire is used to 
identify the fundamental steps in the cost estimation 
process. 
2. The second step is to identify the required data and 
infon-nation in order to perform the steps of the process 
identified above. This step is performed concurrently with 
the process rnodcllIng (section5.4). During these interviews 
the cost estimators explain the use of these elements for cost 
estimating. The used elements are identified and categorised 
(section 5.5). 
3. The third step is to identify the different resources where the 
cost elements can be collected from (section 5.6). These 
resources contain the information needed for creating cost 
estimates. These resources were identified mainly from the 
analysis of the interviews and by the researcher himself. 
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5.1.1. Questionnaire and Semi-structured Interviews 
As with the previous chapter the author found the use of a questionnaire and semi- 
structure interviews the most appropriate way in conducting his research. Four of 
the six companies were already contacted for the AS IS report, so getting their 
cooperation was quite straight forward as the costing experts already knew what 
was the context of the research. 
A questionnaire (see Appendix B) was developed based on the literature review 
and the analysis of the AS IS material. The aim of the questionnaire was to elicit 
expert knowledge to create a cost estimation process model that would eventually 
be used as the basis for the development of the information infrastructure. This 
questionnaire was developed to support semi-structured interviews. The 
questionnaire consists of four major parts: Background, CE Process, Cost 
Information I and Cost Information II: 
> The BackgIound information was necessary to know how well 
qualified the cost estimator interviewed was and to be able to place 
their comments into perspective. In the cases where the experts had 
already been contacted for the survey in chapter 4, this section of 
the questionnaire was omitted. 
> The CE Process aimed to discover the general approach to cost 
estimating within the company, e. g. what cost estimation techniques 
are used and how cost element information is collected and stored. 
> The third part, Cost Information I identified the general 
characteristics of information used. 
> The last part, Cost Infonnation 11 was the most comprehensive part 
of the questionnaire. This part contains semi-structured questions. 
Questions were designed to elicit information about a cost element 
for later analysis. The questions were chosen based on the analysis 
done in the literature review. 
Interviews 
Thirteen semi-structured interviews were conducted in six different UK based 
automotive companies, all of them been O. E. M. 's in the UK. The developed 
questionnaire was used to aid the interviews. Each part of the questionnaires was 
discussed during the interviews. The cost estimators during questionnaire parts B to 
D illustrated their activities and information they are using in the cost estimation. 
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The aim was to identify what information sources were used to create cost 
estimates. 
The last part of the interviews took the major share of the time as this part 
contained plenty of detailed questions. Part D of the questionnaire was used to 
collect in depth knowledge of cost elements. For this section the interviewer had 
developed an initial list of candidate cost elements. This list was used to support 
the interviews as the last part of questionnaire itself did not contain any cost 
elements. 
The session lasted typically between half to one working day. The participant's 
background was either commercial or engineering and they were all working in 
CE. Most of the people were also involved in the AS IS survey of chapter 4 where 
details of the experts interviewed can be found. 
5.1.2. Developing the Cost Estimation Process Model 
As mentioned in the previous section, the author tried to identify the processes 
performed by the estimators. For that he used a process modelling technique known 
as IDEF3 (see 2.5.3). The primary goal of process modelling is to identify and 
document what a system does. At first glance, this appears to be a relatively 
straightforward task. If someone is asked to describe the operation of a 
manufacturing system by identifying the processes involved, he could likely 
produce a reasonably comprehensive list. However, he has to consider several other 
factors when describing what a complex system does. What does a process require 
to perform its function? What objects participate in the process? What are the 
precedence and causality relationships between processes and events within the 
environment? The IDEF3 method (IDEF, 2002) focuses on the abstraction and 
capture of knowledge about a given real-world system. Such knowledge includes 
the temporal, causal, and logical relations between p rocesses occurring within the 
system; the objects that participate in those processes; and the state transitions of 
those objects. As a result, the method allows you to capture and describe not what 
happens at this or that particular time in a system, but instead the dynamic patterns 
that occur again and again among elements in a system. IDEF3 supports this kind 
of knowledge acquisition by providing a reliable and well-structured approach for 
process knowledge acquisition, and an expressively powerful, yet easy-to-use, 
language for information ' capture and expression. This report assumes prior 
knowledge of IDEF3 notation. 
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XPat is a knowledge elicitation methodology used to capture process knowledge 
(Adesola et A 2001). It can assist in the development of process models such as 
IDEFO and IDEF3. This method uses interview techniques and a structure template 
called 'brown paper exercise' to elicit knowledge from the experts. The XPat 
approach assisted greatly the author during his data collection phase (Rush, 2002). 
The XPat technique was used in conjunction with the answers to the questionnaire 
to 'capture' the cost estimating process. Workshops were organised with the 
participation of both experts in the company where possible, and the XPat 
methodology was followed. A great advantage of XPat was the self-validation of 
the process where certain 'gaps' in the process itself or in the 'objects/information' 
associated with it was obvious to the participant to see and rectify. Once the 
processes were completed, the author described it with the use of IDEF3 and then it 
was validated by the experts in a workshop. 
5.1.3. Data and Information for CE 
The identified cost elements were unorganised so the first step was to categorise 
them. This classification structured the cost elements into logical groups. This 
categorisation was a consensus that fulfilled major requirements of the automotive 
companies. This diagram is a tree hierarchy, and the cost elements are categorised 
into this hierarchy. This hierarchy provided the basis for the creation of the Web 
portal which presents the findings of the research. The hierarchy created the needed 
framework for the pages of the Web Portal. 
5.1.4. Developing the Web Portal 
As mentioned in the introduction of this chapter providing the information is one 
thing, understanding it is another. The ob ective behind the creation of the data i 
infrastructure was to provide explanation for the need of the cost elements and how 
they can be used. The aim was to gather all the analysed materials together, 
especially the identified resources, cost elements and the common process model. 
The cost elements identified during the development of the common process model 
-were the basis for the information infrastructure development. The data 
infrastructure was developed as a web portal to implement the data and information 
requirements of CE. After developing the framework, the data templates (web 
pages) for the Web Portal were created. These templates define each major cost 
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element used in the automotive industry for cost estimating. The combination of 
the hierarchy and the data templates together created the Web Portal. 
5.1.5. Validation of Data Infrastructure 
The infrastructure was validated by two cost estimation experts from two 
automotive companies. The validation provided valuable information for making 
modifications. It also helped to understand the importance for further 
improvements. 
The next section summarises the general findings from these interviews. It also 
outlines current challenges and difficulties when doing cost estimation in the 
automotive industry. 
5.2. The Process Models 
From the study a lot of activities performed by the cost estimators were identified 
as they contribute to different groups of people within their organiýation. 
Nonetheless, almost all the estimators agreed that the most important activity they 
perform, or at least they should perform, iS'the "detailed or bottom up estimating". 
The researcher found that some organi'sations did not perform detailed estimates as 
they did not possess that capability. The biggest problem they had was the lack of 
information in order to develop the estimates. If the information was available to 
them, then detailed estimates could be produced. 
A very important observation made by all the companies was that if they had the 
capability to develop detailed estimates, they could carry out most of the other 
activities they currently performed much better and provide better support to the 
CE-C or any other group within their organisation. Indeed because they could not 
develop detailed estimates they had resolved in other activities within costing. 
From the study, two major manufacturing cost estimation activities stood out; 
detailed cost estimation and benchmarking. These activities are directly related to 
piece and tool cost estimating, which are the heart of the cost estimation. These 
cost estimates are used for various purposes, such as providing support for 
purchasing negotiations, comparing alternative suppliers, evaluating price 
competitiveness of current suppliers, cost reduction or value management. 
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It was found out that although these two models were different-one was for detailed 
cost estimation and the other for cost management- they had similar requirements 
in terms of data and information. In the next sections these two processes are 
described in more detail. In appendix C the author has included all the process 
models developed for this study. 
5.2.1. Benchmarking and Detailed Cost Estimation 
As mentioned above two cost estimation processes were selected. Cost estimators 
make the difference between these two because the initial situations are different. 
The detailed cost estimation is a bottom-up approach. It collects different cost 
elements together and sums them up. The benchmarking is normally a part of the 
supplier selection process. Initially' aggregate cost elements are collected (e. g. 
machine rate) and later during the supplier selection process the cost is broken 
down into further detail (e. g. machine uptime, machine depreciation and so on). 
During this stage a detailed comparison is made, that is benchmarking between 
costs elements provided by several suppliers. 
Detailed cost estimation is a basic cost estimation method. During this process all 
major cost elements are investigated, such as material, processes, labour and 
overheads categories. Benchmarking is a derivative of that. It compares different 
costs based on the figures provided by suppliers. These figures are categorised. The 
categories on the form are developed by using detailed cost estimation thinking. 
This is not always obvious when looking at QAFs (Quotation Analysis Forms) but 
when investigating detailed breakdown forms this is clear. This commonality is 
important because when the cost estimators compare the figures of the different 
forms they are using their skills to find the best offer. Their skills are mainly 
engineering thus their benchmarking analysis resembles the detailed cost estimate 
creation. This logic was clear when the cost estimators explained how they 
interpret the cost breakdown forms. 
It can be summarised that both methods use similar cost elements and they try to 
break costs down into a desirable level. At the detailed level the author observed 
that the cost elements started to be quite similar. This similarity of the information 
and the logic was a positive. For this reason only one model was built. This model 
is a suitable tool for both benchmarking and detailed bottom-up cost estimating. It 
contains a proposed logic how well structured cost estimates should be done 
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(detailed cost estimation view) or analysed (benchmarking view) and what 
information is used during each step. 
5.2.2. The Common Cost Estimation Process Model 
This section describes the proposed common cost estimation process for the 
automotive sector. It is based on the detailed cost estimation methodology which is 
common in the automotive industry. The new model is slightly more detailed in 
terms of process steps and very much more detailed in terms of infort-nation usage 
of descriptions. Lastly, each step of process is described in detail. 
The model describes the workflow used when doing cost estimation in most of the 
automotive companies (figure 5-1). The model is related to what experts do when 
generating estimates. The task is a complex reasoning process and therefore it is 
decomposed in order to make it clearer. This commonality is quite important as in 
different companies cost estimation processes differ significantly. The model 
describes the detailed bottom up process. Other approaches identified are presented 
in appendix C. 
General Notes 
Resources used during earlier steps- are also available during the later steps (e. g. 
raw material specifications are available when doing the. manufacturing process 
selection). 
During the 'gather information' stage the cost estimator verifies that in general all 
the information is available. During the individual steps more resources might be 
used. 
The process contains cost elements in their "raw formaf', for organised and 
categorised representation see section 5.4. 
Gather Information 
After a cost estimation request has been received cost estimators gather required 
information for the initial assessment. There is certain material that is useful when 
creating cost estimates. These are drawings, physical parts and part specifications. 
At least one of them is needed by cost estimators. 
The first option, drawings give the best information for the cost estimation. 
The cost estimator may get a drawingor several drawing alternatives to compare. 
From the drawing it is possible to extract dimensions, material usages, and 
information about surface finishing. However quite often, especially in prototype 
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costing these drawings are sketches therefore they can only give a magnitude of 
dimensions. The second source of information is a physical part. It is possible to 
estimate weight and dimensions by measuring it. Sometimes, for example when 
analysing competitors components, it is not possible to get drawings therefore a 
part is the only source of information. Part specifications are the third source of 
information. Normally they contain at least bill of materials and other specific 
information about the part. 
Assess Information 
Cost estimators will verify that the possessed information is suitable and sufficient 
for cost estimation. It is important that the cost estimator understands the reason for 
the estimate, especially when there are many possible manufacturing process 
options available. Cost estimators have to understand the product design and 
suitable manufacturing processes. Engineering designers can help more on 
technical issues. Purchasing is also a major source of using cost estimation 
services. The same applies to suppliers, especially when estimating parts designed 
by them. In this case the estimator normally validates the price of the component. 
Identify Material 
The cost estimator can identify the material from drawings and bill of materials. If 
these sources are not available then estimators might be required to use their 
judgement. The part specifications might provide some hints to choose the material 
which is suitable for the design intention. Physical parts can also give more 
information of the material type (e. g. labels on plastic components). The cost 
estimator needs to know the quantity of raw material and bought out parts (standard 
or custom made). If the exact number is not available then the dimensions and 
weight of a part are required. The specifications of materials are needed for both 
the process and machine selection and for finding an appropriate material rate. 
Manufacturing processes will produce scrap and the cost estimator needs to take 
this into consideration by increasing total material cost. Lastly material price 
volatility has an impact on cost estimation. As the price of e. g. platinum fluctuates 
rapidly this causes cost estimates to always be inaccurate, therefore material rates 
need to be verified every time when making cost estimates. 
If the cost estimator is experienced, he might contact engineering to suggest 
cheaper materials that fulfil the functional requirements and the processing 
methods. 
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Identify Manufacturing Processes 
The correct selection of manufacturing processes requires extensive knowledge 
from cost estimators. There are two major aspects to be considered, the material to 
be used and the volume of the production. The material selection narrows the range 
of possible processes available for the production, e. g. for thermoplastic the 
injection moulding is a very probable option or for sheet steel pressing might be 
one of processes to be selected. Another important aspect is the volume of a part 
needed, for example when the material is brass. If the volume is low then 
machining is an option, but if the volume is very high then usage of powder 
metallurgy is a good choice. For the latter there is a high initial cost because the 
mould is needed. 
During the research it was found that cost estimators often consider the, 
identification of the process as a narrowing down activity. The identification of 
needed process -and specifying a particular machine to do the actual work goes 
together. Normally these two steps are evaluated together. The selection is based on 
the experience of manufacturing, and this experience is the understanding of the 
machine cost; therefore the information used during identification of processes is a 
portion of the information used during the next step. 
Specifv Machines 
The process selection is based on the experience of the manufacturing; therefore it 
is a qualitative decision. The machine selection however is more based on facts. 
This selection however requires expertise on manufacturing and the product 
involved. For example, a question could be, is it cheaper to use a high performance 
transfer press with four stations, or to use four small individual presses. A more 
complex example combines both machine selection and process selection. A part 
such as a plastic inlet manifold could be manufactured using a one shot moulding 
process to make a fully formed dimensionally correct part. Another option could be 
to manufacture individual plastic parts then glue them together. Whether both 
options are suitable depends on the usage of the part, therefore a good specification 
and knowledge of the subject domain is needed. 
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The above machine specifications are mainly needed but the product and the 
selected machine directly affects the production and tooling costs (which are 
considered separately). The selection of a machine itself has several costs attached, 
i. e. costs required to enable the utilisation of a machine and sustain manufacturing 
capability in general. For this building, insurances, and other miscellaneous cost 
are incurred. There are also costs that can be directly attached to a machine such as 
machine depreciation and utilities costs. The machine also incurs costs because it 
needs to be maintained, repaired and cleaned. Besides thinking about costs it is 
equally important to understand what would be the fair share to pay of these costs. 
For this it is necessary to know the actual capacity of a machine (based on annual 
working hours, machine uptime), and actual machine time used by the purchaser. 
Finally the process scrap will add realism into a cost estimate, by including 
consideration of e. g. tool breaks. 
Identifv Lgbour 
The choice of the machine and processes defines the frame for estimating labour 
costs. When estimating direct labour costs there are two major areas of 
consideration, salary level and the operation time. The salary level is based on the 
skill level and labour category (industry type) of the worker. Normally a semi- 
skilled person is suitable for operating machines. Semi-skilled people are selected 
where operators are expected to solve minor operating problems of machines. 
Labour selection is non-skilled when operator just ensures the machine is fed with 
material. These two elements define the suitable direculabour rate. Besides the 
basic wage the labour gets fringe benefits, shift premiums and possible overtime 
pay. These additional costs should also be included into the estimate. The costs are 
calculated for a time unit therefore the second component is to know many time 
units are consumed. The motion and time study methods are usually used for this. 
In addition to this time the cost estimator corrects the value with a suitable level of 
allowanccs. 
Indirect labourers are workers who do not directly add value to an item, but assist 
in some way value-adding in manufacturing. Usually they contribute to several 
different products or manufacturing processes. A fare share of their employing cost 
is included into a cost estimate. This is normally done by applying a ratio based on 
the industry type. 
Produce Piece Cost Estimate 
The piece cost is calculated by summing up material, labour costs and all cost 
associated with a machine, except tooling costs. 
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Produce Tooling Cost Estimate 
Tooling costs are estimated separately from the piece cost estimation because tools 
are changeable parts of a machine and normally they can be used to manufacture 
several parts. Also suppliers commonly separate piece and tooling costs, as tools 
are quite often paid for in advance so that production can begin sooner. For. 
example, the tool can be a mould in the injection moulding where plastic is poured 
into it. This type of mould has a very long life. Therefore when estimating tooling 
costs it is important to know (approximately) how many pieces can be made using 
the tool. Expert opinion or tool vendor specification can give more detail what 
would be a suitable value. This value is used to divide the tool purchasing cost. 
This will give a rough estimate for tool cost per part. The tool cost estimation is not 
an easy task. All the values have uncertainty building therefore the results can give 
only a guideline. 
Add General Overhead Mark-ups 
So far all material, operating and financial costs of the factory have been covered. 
To produce a truthful cost estimate it is important to include also costs that cannot 
be clearly associated with particular operations or products. These costs however 
exist. The web portal highlights mark-ups that are necessary to include into the cost 
estimate. The logistics cost is a slight exception as the purchasing decisions can 
alter costs. These costs are discussed after mark-ups. The estimation of these costs 
is a clear challenge as normally cost estimators are not people with extensive 
business and financial skills. Also calculating these costs thoroughly is very time 
consuming therefore cost estimators are normally using mark-ups that are added on 
the top of the manufacturing cost. The mark-up percentages are estimated using the 
decision making explained in the web portal. 
Mark-ups are grouped together as the cost estimator does not directly have 
influence on them during the creation of the cost estimate. For example, Design, 
and Research and Development costs are associated in the development of new 
products, or improving products and processes. If the designing and product 
development is done internally then the cost estimator does not normally add any 
mark-up into the cost estimate. Sales, Marketing and General Administration 
costs cover administrative and other non-manufacturing activities that cannot be 
included into the above estimated manufacturing costs. The End Item Scrap are 
acceptable manufactured parts or components that for some reason become 
unacceptable by the time they arrive at buyer's warehouse or plant. The buyer 
provides a small contingency to a supplier so that it can cover up these additional 
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costs. The Profit compensates the business risks of the supplier which is 
conducting manufacturing activities. 
Add Lo2istics Cost 
Unlike the overhead mark-ups discussed above the logistics cost are much more 
tangible. There are many elements to consider when calculating logistic costs. In 
some companies the logistics people will consider logistics costs. It is very likely 
that the cost estimator needs to contact logistics experts in order to produce an 
accurate logistics cost estimate. The information is needed to calculate the cost of 
logistic from the finished item warehouse to the warehouse of the buyer. First the 
cost estimator must understand the delivery requirements, e. g. what sort of 
packaging to use to protect parts. The requirements effectively cause finished part 
inventory cost when parts are waiting for the delivery. The location of supplier is 
necessary information for the selection of the supplier as for example the distance 
and the part type define suitable transportation methods. 
An important factor to consider is transportation costs in total. When buyer's goods 
are emptied it is important to know who is paying the return voyage costs, i. e. is 
some other company using the service. The same situation applies to packaging 
materials. The cost estimator needs to know how many times they can be reused if 
the suppliers keep them. 
Calculate Total Part Cost 
The total part cost covers all the cost incurred. All the costs identified during the 
previous steps are summed up. This total cost is the estimated price that the buyer 
should be pay for a particular item. As this method projects the real costs this 
estimate can only provide is an educated guess what should be an appropriate cost. 
The supplier might in reality have a lower cost. 
5.2.3. Supplier Selection Process 
Along with the identification of the resources used, the issue of the cost estimation 
processes were investigated. The information gathering for them was done by 
conducting interviews. Part B of the questionnaire was used to identify the 
fundamental steps of the used cost estimation process. The answers for this section 
of the questionnaire were compared to the initial AS-IS study (chapter 4). 
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In the previous sections the author identified that cost expert's estimate mainly the 
manufacturing cost of suppliers. The author created a model for the supplier 
selection process based on the interviews with cost estimators. Figure 5-2 shows 
the major steps of this process. This model increased the author's knowledge of 
what is exactly done during the supplier selection thus where in the process the 
benchmarking and detailed cost estimation is performed. 
Two steps are discussed in more detail; these are the initial and detailed analysis 
phases. Manufacturing cost estimation is done during these phases. The initial 
analysis phase uses quotation analysis forms to compare suppliers. Some 
companies also have the capability to make cost estimates independently. These 
cost estimates are used to compare the offers of the suppliers. But in the companies 
collected QAFs (Quotation Analysis Form) are used to compare the cost claims of 
the supplier against each other. It should be noted that QAFs are not the main cost 
estimation tool. These forms are used to find abnormalities in the supplier's quotes. 
The information contained in these forms is simplified and do not give the clear 
picture of the manufacturing costs. 
The detailed analysis phase is the second part of the manufacturing cost analysis. 
After investigating quotation analysis forms it is always necessary to acquire more 
information for the further analysis. During this stage the suppliers are vigorously 
benchmarked against each other. Supplier factory visits and more detailed cost 
breakdown forms can be used to gain more information. Both of these activities 
can become as detail as necessary. The next paragraphs describe the process in 
figure 5-2. 
Supplier Selection and Benchmarkine Process 
This section describes a supplier selection and benchmarking process (Figure 5-2). 
The most important parts of the process (e. g. QAFs) are discussed in more detail. 
other steps are discussed brieflY. 
Investigation of Potential Suppliers 
There can be multiple reasons for a selection of a supplier for a part, such as the 
launching of new vehicle model. The potential suppliers are scouted by using many 
sources, including; trade journal, trade exhibits, company personnel contacts, 
existing purchasing records, and contacting various organisation such as Society of 
Automotive Engineers (SAE). The selection criteria of the suppliers for the next 
ground is based on the component needed. At this stage it is mainly engineers who 
will provide the requirements. 
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Conducting Kick-off Meeting 
Potential suppliers are then invited to a meeting by the buyer. The supplier presents 
their company, its services and its capabilities relative to the product or system 
under discussion. Similarly the buyer explains the requirements for the component 
and the supplier, and explains and discusses the deliverables and constraints (if 
applicable). 
Tendering Process 
After the kick-off meeting a tender pack is sent to suppliers which seem to have 
potential. The selection of suppliers is qualitative as more detailed information is 
collected later. The tender pack contains all relevant information for the potential 
supplier. It illustrates, in the required detail, the, information of the vehicle project 
and/or the product information including: 
+ The outline and the scope of the project 
The production volume and duration (number of years) needed 
4. Engineering design overview (can be from detailed drawing to general 
system arrangements, depending the situation and the supplier relationship) 
Piece Cost Quotation Analysis Forms (QAF's) to the level of detail required 
Tooling Cost QAF's to the level of detail required 
The suppliers will provide quotations (to the requested level of detail) to the buyer 
within the agreed timeframe. This collected information will then be analysed and 
benchmarked against competitor suppliers. For the manufacturing cost estimation 
QAFs provide the most important information source. 
initial Analysis 
The initial analysis from manufacturing cost estimation point of view contains two 
aspects; the general supplier evaluation and analysis of the manufacturing costs of 
the suppliers. I 
General Evaluation 
The general supplier evaluation aims to verify to suitability of supplier for the 
project, there are several aspects which are evaluated. 
Quality. The quality experts will give their opinion that the supplier is 
satisfactory for that function. 
Financial structure. The project management will conduct financial 
assessments and checks to ensure financial performance of the company. 
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typical information found during these visits will be discussed in more detail in the 
following chapter. 
Final Commercial Negotiations 
After thoroughly investigating the supplier manufacturing costs it is possible to 
settle the final supply contract which contains target costs for parts and tools along 
with the usual terms and conditions, together with any relevant price escalator 
agreements or supply volume discounts. From the cost estimation point of view, 
there are two items that are needed for the cost estimation, they are end item scrap 
level (maximum amount allowable) and the profit mark-up. 
Selection of the Supplier(s) 
Once the preferred supplier is selected, using all the above techniques and criteria, 
the role of the cost estimator will be to work alongside engineering, purchasing and 
the supplier to ensure best practice is adhered to and that all non-added vale is 
minimised or eliminated if possible. This may be through the use of workshops and 
design critiques through to assisting the supplier control the costs of their own 
suppliers. 
5.2.4. Validation 
The common cost estimation process model was based on the existing industry 
validated models (AS-IS study, the common estimating process and appendix Q. 
The development of this model was done by interviewing industry people and 
investigating working practises. Due to the methodology used it was necessary to 
validate this model too. The common model, including associated cost elements, 
was examined by two senior cost estimators. Both were content with the amount 
and level of detail captured by the model. 
5.3. Identification of Cost Elements 
Once the costing process was defined, the author could assign data objects to the 
different steps of the process (Figure 5-3). 
146 Improvement of Cost Estimating Internal Practice 




Sim. Type- Adias: Name: 
-E ntfv Piecr- 
C, -. PIC-ce CnA 
E ntAy. Piece-co -Ire-ce Cost Jaiý-ý 






Detad Sin Irio 
I 
Eck 0 biec4 
Done 
I 
Figure 5-3: Information (objects) related to the Control Model Cost Report 
activity (appendix Q. Picture from KBSI software, ProSim 5.0 (ProSim, 
2002) 
As mentioned earlier, the cost elements were elicited by interviewing the cost 
estimators. During these interviews the cost estimators explained the usage of 
various different infonnation sources for cost estimating. The resources were 
identified and categorised. This analysis gave the basis for the selection of the cost 
elements. The comprehensiveness was the base of the selection. Table 5-1 contains 
all the information items identified during the research based on two criteria: 
The information was considered to be relevant by the cost estimators; 
The information is actually used by cost estimators when creating cost 
estimates. 
At the same time the choice of allocating cost elements to the inforination 
resources were made. Normally a cost element was put into a resource if at least 
three companies identified that as potential source for the information. 
During the analysis, it became obvious that only a portion of data available was 
used. The identified cost elements are a subset of all the information available from 
identified resources. Only those were included which are important for the creation 
of a cost estimate. For example, ERP (enterprise resource planning) databases 
contain massive number of information elements of manufacturing plants, but only 
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machine downtimes and scrap percentages were identified as important 
information. 
An example of left out information is batch sizes. The cost estimators assume that 
they are large enough to make setup cost so small that batch sizes do not have a 
(significant) effect on the estimates. This is a good example of the simplification 
made by cost estimators. 
Table 5-1 lists the identified cost elements based on the analysis. There are several 
points that arise from the list., First, the table contains six important items: 
1. Delivery requirements; 
2. Machine specifications; 
3. Raw material specifications; 
4. Standard bought out part specifications; 
5. Subcontract item specifications and; 
6. Tool specifications. 
These groups, technically, contain more information and can be broken down into 
further detail. For example raw material specification is taken from a drawing (the 
resource). The raw material specification (e. g. 409 stainless steel) will itself contain 
information for the cost estimator, important when he is choosing a manufacturing 
process. However this thesis (which does not contain technical details) assumes 
that the specifications are "black boxes" therefore are represented as single 
information elements. 
Second, some items are very ý generic, especially information in the overheads 
category, such as sales, marketing and general administration costs. The cost is 
considered as a single value, as it is not feasible for the cost estimator to actually 
calculate it. These costs are not always collected by cost estimators but domain 
experts. Cost estimators then use these created values/percentages. 
Third, some items are repeated (e. g. 'utilities cost', 'utility quantity' and 'utility 
rate'). For example, some cost estimators do not consider more than the &utilities 
cost', therefore all three items are needed as 'utility costs' is derived from 'Utility 
quantity' and 'utility rate'. However cost elements like 'machine rate' are not 
included as it is a combination of several cost elements, including it would be over- 
simplification. 
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Table 5-1 : Cost Elements 
Annual vorkini4 hours 
BoLipht out pail inventory co: a 
Bought out part scrap 
Building insurance 
Building maintenance cost 
Building maintenance materials 
Delay allowance 
Delivery requirements 
Depreciation of building 
Depreciation of land 
Design, and research and development 
costs 
Direct labour category 
Direct labour rate 
End item scrap 
Fatigue allowance 
Finished part inventory cost 
Fringe benefits 
Indirect labour level 
Infrastructure costs 
Location of supplier 
Machine cleaning 
Machine cleaning materials 
Machine cycle time 
Machine depreciation 
Machine floor space 




Machine maintenance material..,, 
Machine purchasing price 
Machine repair 
Machine repair materials 
Machine residual value 
Machine specifications 
Machine uptime 
Material overhead cost 
Miscellaneous cost 
Number of parts per cycle 
Opcfalin, 
-, lime (ACItInIc paý 
Packaging cost 





Raw material inventory cost 
Raw material rate 
Raw material scrap 
Raw material scrap resale value 
Raw material specification 
Raw materials usage 
Relief 
Rent of building 
Rent of land 
Return trip fill rate and content 




Standard bought out part quantity 
Standard bought out part ratc 
Standard bought out part , liccificmion 
Subcontract itern quantity 
Subcontract item rate 
Subcontract itern specification 
'rooi lifetime 
Tool mainleflancC 
'rooi purchasing coo 
Tool specification,, 
Total part lifetime VOILMIC 






5.4. Types of Data and Information for Cost 
Estimating 
In the previous section the cost elemerits used in the automoilve cost cs, 11111,1111ig 
process were identified. That sectiorl also presented the commori cost estimation 
process to use elicited cost elements. This section addresses the catcgori silt loll of' 
the data elements. 
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During the course of the research it became apparent that every cost estimate must 
be based, if possible, on complete and current information concerning the processes 
and the product being estimated. As discussed in the previous chapter this 
information comes from many sources, such as drawings, specifications, pictures, 
etc. A credible cost estimate is formulated by selecting the appropriate cost 
information from a vast store of knowledge and information resources. The needed 
information and resources were discussed in the previous chapter and this chapter 
continues-the research. 
It is worth mentioning that required cost elements and resources is not all that is 
required. The cost estimating is still progressing to a point where non-cost 
estimators or novice cost estimators understand why costs are what they are. For 
example, cost estimates are needed for decision making, but decision makers often 
do not understand the basis of these estimates. The cost elements and the links 
between them are not obvious for novices. Therefore this section defines the 
essential cost estimation information elements and explains how these elements 
link together. 
For this purpose cost elements are first organised and categorised. This provides 
the basis for the creation of the information infrastructure. This infrastructure, 
which is depicted in the form of a web portal, defines the information, recommends 
sources, and explains why the information is important for cost estimates. The 
creation of infrastructure required plenty of analysis, although the significant part 
of this analysis has already been performed in the previous sections. The Web 
Portal is based on the results of this analysis. This portal provides a comprehensive 
introduction of costing information. 
5.4.1. Categorisation of Cost Elements 
The categorisation of cost elements was motivated by two points: 
> To provide a logical order for the collected cost elements, and; 
> To create the hierarchy for the Web Portal. 
Five principles were used to categorise the elicited cost elements. 
1. The categorisation is a consensus that brings a structure that fulfils (major) 
requirements of the automotive companies. For this reason during 
interviews the author asked how the experts categorise cost information 
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currently. The responses enabled the creation of the top level structure of 
the hierarchy. 
2. The output is described in a tree format so that the Web Portal can be 
created. This hierarchical categorisation enables also a proper subdivision 
of the cost elements into smaller elements. The higher levels of the 
hierarchy contain generally more aggregated cost elements (e. g. machine 
cost). The leaves contain atomic cost elements. 
3. Cost elements were organised into logical groups. The groups were based 
on the understanding of the "closeness" between different cost elements. 
This understanding was gained from the literature and interviews. Few cost 
elements that are naturally linked together were placed under one cost 
element (see e. g. building cost beloýv). 
4. An effort was made to reduce bundling between cost elements, for example 
machine price is broken down in to machine purchasing price and machine 
installation cost. These separations enable to see what is causing costs 
therefore decreasing the chance of hiding inefficiencies. 
5. The elimination of duplications is vital factor for credible cost estimates. 
The Web Portal contains the logic for this by providing instructions how the 
information should be categorised. For example, the definition of design, 
and research and development costs helps to see what costs should be 
included in this cost element. These bits of logic enable normalisation of 
information therefore to create consistency between cost estimates. 
5.4.2. The Hierarchy of Cost Elements 
Figure 5-4 illustrates the generic breakdown of the cost elements described in the 
cost estimation information infrastructure. At the top there are materials which are 
processed in a factory. The manufacturing value-adding is done by machines and 
labour. The factory value-added conforms in general with a part of the common 
cost estimation process (steps identifying processes, machines and labour). Besides 
manufacturing people and machines a modem company in the automotive industry 
has an extensive set of other activities. These activities are included in the general 
ovcrheads as their costs cannot be clearly associated with particular operations or 
products. 
The figures 5-5 to 5-10 below show the hierarchy of the information. Note that the 
hierarchy is separated into six different diagrams corresponding to the groups 
below. Tbc structure of the aggregate cost elements conform to the structure of the 
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Web Portal. In the figures the cost elements found inside of the aggregate cost 
element are marked with plus (+) sign. This was done to increase readability of the 
model. Care was taken to make sure that this does not decrease the accuracy of the 
infrastructure. Cost elements were grouped into aggregate cost elements if the 
elements are logically linked together. By doing this the number of nodes almost 
halved from the original 80. 
Raw Materials I Bought Out Parts 
Overheads on Materials I Resale of Recoverable Scrap 
Factory Added Value 
Direct Labour Cost 
Indirect Labour Level 
Machine Cost 
General Overheads Costs 
Design and R&D Cost 
End Item Scrap 
, 04- Logistics Cost 
Profit 
Sales, Marketing and 
-General Admin 
Cost 
Figure 5-4: Generic Breakdown of the Cost Elements 
Total Part Cost 
This level contains only three elements (figure 5-5); material, factory value-added 
and general overheads. Materials are separated because they are input for the 
manufacturing process. General overheads contain all the cost elements which 
cannot be identified to the other two categories. The factory value-added consists 
of both direct and indirect labour, machine and tooling costs. 
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Figure 5-5: Total Part Cost 
Indirect labour consists of people who do not directly add value to an item, but 
assist in some way this value adding in a manufacturing plant. The reason why all 
people, including maintenance people are included under one heading is that this 
facilitates the comparison of labour. When all people are grouped under one 
category the duplications are reduced. The only exception to this is the people 
handling materials. They are categorised under materials to keep all material costs 
under same heading. 
Tooling costs are separated from the machine costs because tools are changeable 
parts of a machine, such as cutting tools. These tools are often designed and 
manufactured to produce a specific part. 
Materials 
This part of the tree is separated into four sections (figure 5-6). The raw materials 
part is divided into two sections, one giving general information about raw material 
and the other explaining raw material rates. For bought out part the structure is the 
same, expect that bought out part elements are internally separated in the two parts; 
standard bought out parts and subcontracted items. Third section is the material 
overhead, which covers costs associated to the administration of purchased raw 
materials and bought out parts. Lastly, the material usage is covered. This heading 
also covers the concept of scrap which is the excess usage of material. 
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Materials 
Raw Materials Bough Out Parts 
+ Raw Material + Standard Bought 
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Inventory Cost + Standard Bought Out Part 
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Material Rate 
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Bought Out Part Scrap Raw Material Scrap 
+ Raw Material Scrap 
Resale Value 
Figure 5-6: Materials 
Direct Labour 
The direct labour category contains all (human) labour costs which are directly 
related to a specific item (figure 5-7). The contribution should be clearly 
identifiable to the product, i. e. direct value-adding. Often direct labourers are 
machine operators and other manufacturing personnel in the production line. The 
direct labour contains two major groups; time units used, and a cost of one time 
unit. Note that number of parts per cycle is an important value; it is used to divide 
the labour cost. The total operating time is the time for one manufacturing 
operation. This time is the. pure operating time corrected with appropriate 
allowances, which add realism into the cost estimate. The allowances also enable to 
analyse how effective the production is. The second group contains direct labour 
rate, fringe benefits, shift premium and overtime pay. The direct labour rate is the 
basic cost of employing workers. Their salary is based on their profession (labour 
category) and skill level. The other three are necessary additional costs for 
employing workers. The shift premium is affected by the shift pattern used in a 
company., The shift premium is a compensation for working during non-normal 
hours. The knowledge of shift pattern is needed for the calculation. - 
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Figure 5-7: Direct Labour 
Machine Cost 
This group is the most complex one and very important (figure 5-8). The machine 
costs are a major part of current manufacturing cost, mainly due to high degree of 
automation in the car industry. The high cost also affects on grouping, i. e. it is 
detailed. The top structure of this category is somewhat similar to the direct labour 
category; machine cycle time with number of parts per cycle tells how much 
machine time should be paid for a part. The machine rate is amount of costs 
incurred when using machines to produce items, without other interruptions on the 
production than preventive maintenance (i. e. that is the lowest reasonable cost for 
well working production). The process scrap includes the adjustment for all the 
other causes (than preventive maintenance) that might increases machine costs. The 
separation between machine uptime and process scrap helps to assess the real 
competitiveness of the production. Note that process scrap is a subset of allowances 
of direct labour. 
Machine rates are divided into five categories. Annual working hours and machine 
uptime tell much the machine can be used. Machine uptime is the theoretical 
capacity subtracted by time spent for preventive maintenance. Both of these 
elements are needed for verification that machines are used efficiently. The three 
other categories are the actual components which are causing machine costs. 
Machine depreciation is a diminution in value of a capital costs due wearing and 
obsolescence of a machine. Its capital cost contains two parts, purchasing price and 
installation costs. Two other components important for depreciation calculation are 
machine technical lifetime and possible residual value. Utilities are operational 
supply items (e. g. electricity) for a machine, therefore directly affecting on machine 
rate. 
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The last member of the machine rate group, machine work shell cost, is 'a 
detailed 
category itself (figure 5-9). It groups together the costs that are required to enable 
the utilisation of a machine and maintaining production in a work cell but cannot 
be divided to any particular product but a machine. The category is divided into 
four parts: (1) building cost which covers the costs incurred to sustain 
manufacturing capability of a work cell; (2) insurances; (3) machine maintenance, 
repair and cleaning to ensure the well being of machines, and (4) miscellaneous 
cost category which includes cost elements that do not fit into other categories. 
Overall it can be said that although work shop costs are divided into many 
categories it is not easy to accurately associate a fair portion of them to a particular 
machine operation. 
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Figure 5-9; Machine Work Cell Cost 
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General Overheads 
General overheads (figure 5-10) are a portion of the cost that cannot be clearly 
associated with particular operations or products. The cost elements were 
categorised into five groups. Design, and research and development costs are 
associated with the development of new products, or improving products and 
processes. Sales, marketing and general administration costs cover all 
administrative and other non-manufacturing activities, such as sales that cannot be 
included into the factory value-added. The third category is end item scrap. It 
contains costs when finished products somehow are rendered unacceptable, 
therefore having a direct cost impact. The fourth group, profit, compensates the 
business risks of supplier that are caused by manufacturing items on the behalf of a 
buyer. This group is separate because it is assumed that cost estimation is done 
tightly elsewhere therefore the profit gives a compensation for the supplier. The 
first four groups are very abstract, but the last one is surprisingly detailed. Cost 
estimators felt that ex works prices do not give an accurate picture of prices 
anymore. This is due to heavy outsourcing and geographic spread of suppliers. 
Logistics cost includes finished product inventory carrying, packaging and 
transportation costs. Cost estimator may consult logistics people for detailed 
logistics cost analysis. 
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Figure 5-10: General Overheads 
5.5. Development of the Data Infrastructure 
5.5.1. The Creation of Data Templates 
The categorisation of the cost elements provided the basis for the Web Portal. It 
created the framework and hierarchy for the web pages of this Portal. The last step 
of the research was to further develop the suitable content for the Portal. The 
content is called data templates or web pages (figure 5-11). 
The major part of the analysis is already described in the previous sections. The 
relevant cost elements and their resources have already been identified. There were 
two more points to be covered for each cost element: 
> Why they are used 
> How to validate and normalise them 
As the questions imply both points are highly qualitative. They are tacit 
knowledge. The elicitation of this knowledge was considered to be important so 
that the Web Portal can give the full definition of the information. 
In figure 5-11 the relevant information about Fringe Benefits is presented. A 
description of what they are, how to normalise them, where to find them and 
examples are presented. Figure 5-12 presents the organisations where such type of 
information could be retrieved (with specific suggestions about fringe benefits 
made in figure 5-12). 
158 Improvement of Cost Estimating Internal Practice 
Data and Information Requirements for Cost Estimating 
The material for the information in fra structure was gathered during the interviews. 
Part D of the questionnaire was developed for this purpose (appendix B). Table 5-2 
contains the questions asked to develop the data templates of the information 
infrastructure. 
[Lnýdex [H-1 [UP] 
Frinue Benerits 
Fringe benefits we part ofthe cost ofemploNing both direct and indirect labour The fiinge benefits are non-salmy 
rewards'costs provided to employees, examples being private pension schemes and hincheon vouchers The claimed fiinge 
benefit level is tmpottant, as this will rn, eal how well the supplier company treats its workers 
Therefore. the cost estimator should allow at least the industri averagefnnge benefas, as this gives some guarantee that 
the supplier's emplovees are weU motivated and, most hkelv. suited to their tasks 
Legislati,. e and comp3ny fringes benefits 
Fringe benefits can be &%ided into M-o categories 
Legislative- or mandatory fringe benefits; these aire normally wen defined by e. g labour laws, government statues, 01 
labour union agreements These fiinges benefits are usually countrv specific 
Company specific fiinge benefits differ between companies This is the category where the good corporate citizenship 
is practised by gMng additional benefits 
Finding 20 2ppropriate fringe benefit level 
To find an appropriate hinge level is not easy Firsth,, in diffffent cOuntnes the need for fringe benefit varies, especialh, 
company specific fringes Private medical insurance. for exaMPle. rnight be totalh, unnecessarv Secondiv. n-en %; idir, the 
same countrv, different regions have different ffinge benefits, eg London allo-ance Therefore to find an appropriate level of 
fiinge benefit invoh, e various data sources 
" Company's oum fringe benefit levels. as automotive comparves are global, and thev usually operate in vanous countries 
Company's o,, im human resources and financial people can inform about suitable ffinge levels for these countries 
" Fringe benefit information mav also be mailable from suppliers Analvsis ofinformation accumulated over many years 
%vill reveal a typical type offi-inge benefit paid Aithin a specified industry This intelligence can then be compared to 
fiinge benefit clains of a supplier These benefit claims can be % erified by asking for supporting information ft om 
payrolls and human resource policies. 
" Statistical information provides generic information about firinge benefits (especially mandatory ones) 
" The last option is the purchase of commercial information This method is easiest as specialised consultancy companies 
make Large sur-,, eys %vithin the industry Thev can pro%ide detailed information of different firinge benefit options 
available and thei m-erage use u-ithin a selected industry See for example CELRE or IDS 
Examples of Fringe Benefits: 
Figure 5-11: Fxample of the Direct Labour Data I emplate 
Part D colitailis eight questions. The first thi-cc qucstions %ýCI-C LI'SCd III 111c I-)rc,., Iotls 
chapter to verify the result gained from pI-CVIOLIS (ILICS001IS (hiring the interviews. 
As the questions of part B asked opcn-ended qucstions these three questions askcd 
in rnore structured way the sarne information. They added certainty that the elicited 
information was correct. 
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I ýihlv ý I" 
P. 11 1 1) lot lilt 0III k 
How is it accessed? 
When (during the cost estimation process) is this infori-nation needed'? 
Why is this infori-nation needed? 
How is this infori-nation validated? 
How is this information non-nallsed? 
How often is this information updated'! 
In what format is the information? 
The fourth, fifth and sixth question arc the foundation of this section. The fourth 
question is why the information is needed. This question was asked for each cost 
element. The answers were argurrientations on why the cost elements should be 
included in the information infrastructure (and therefore used in a cost estimate). 
Cost estimators provided unvarying answers for most items. They agreed for 
example that direct labour is an important cost element as labour costs have a direct 
impact on the total part cost. For some items such as logistics cost there was a 
wider range of different opinions. 
The selection of best methods was based on the qualitative analysis. The cost 
estimators were challenged. After cost estimators provided their view, different 
practises fOUnd frorn the literature and from previous interviews were compared to 
the provided answer. The reason for the difference was asked. It was found that 
different cost estimators have slightly different emphasis and preferences for the 
cost elements. The comparison of different practises initiated fruitful discussions 
with the cost estimators, therefore the fourth question provided plenty of 
information for the Web Portal. 
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Oreanisation for Economic Co-operation and Develompew (OECD) 
UN Statisfics Di%ision 
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National InstiMe of Statistic - Databases of the Federal InformliQn 5yste 
Figure 5-12: Statistical Organisation as possible Sources of Information 
After analysing the initial material the author contacted the cost estimators whose 
reasoning was unclear or whose argumentation was believed to be the best practise. 
These further clarifications provided the certainty that the selections made were 
correct. 
The next two questions (fifth and sixth) concentrated on the validation and 
normalisation of the information. The validation of the cost element is in some 
cases, such as material rates, difficult but in overall the validation is done by asking 
written proof, conducting supplier visits, and comparing information found to 
information from other sources. Berichmarking of the information is common. 
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The normalisation of the cost elements was totally dependent on the cost estimator. 
The best practise is to be uniform and systematic when doing cost estimates. The 
author tried to get more specific solutions but the non standard nature of the cost 
estimating does not provide an absolute solution for the normalisation. The cost 
estimators agreed that uniform definitions for cost elements and uniform practises 
for the information sourcing and estimating are necessary for the normalisation. 
The last two questions asked concerned the updating and the format of the 
information. Cost estimators were not concerned with the updating issues. Usually 
when the purchasing contract is signed, the prices are fixed for a period, normally 
for one year. For this reason the Web Portal mentions updating issues only in few 
places, such as for the volatility of raw materials. Similarly the format of the cost 
element is only discussed when there can be some doubt what the correct format 
should be. 
5.5.2. Cost Estimation Information Resources 
The process models gave an understanding of what data could be used for the 
bottom up cost estimating. These elements were identified mainly from the analysis 
of the interviews and the process modelling. During these interviews cost 
estimation experts explained how they create cost estimates. This provided an 
understanding of possible resource candidates. Cost estimates require information 
and the sources of this information were asked. These sources or resources can be 
e. g. databases, drawings or people to talk to. It was found that these resources 
contain two types of information: 
> Cost information (e. g. direct labour rates) 
> Information needed to deduce the cost (e. g. machine specification) 
Both types of information are used by cost estimators. By identifying the right 
source of information, the author could include this information in the data 
templates and therefore making it easier for the experts how and where to identify 
it. 
During the research it is found that the selection of the correct information source is 
not trivial. Some of the information sources are "standard" such as technical 
drawings, but mainly the usage of sources is based on experience. It was 
established that different cost estimators have different ways to search values for 
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the cost elements; therefore some information might be looked from different 
sources. The company's way of how it conducts its business is an important factor 
as to how cost estimators approach information gathering. There is a division on 
how closely an individual cost estimator interacts with the supplier. In some cases 
the cost estimator does not have any contact with the suppliers, and in other cases 
the cost estimator relies totally on the information provided by the suppliers. In the 
former case the cost estimator might have a centralised database system from 
where cost estimators choose values. 
The author discovered that there is no standard way in which information sources 
are collected across the automotive industry. This section will describe the sources 
for information which were identified from the responses made during the 
interviews. - 
Expert Judgement 
The usage of expert judgement is widespread. Cost estimators may find that the 
information is not available or the source(s) are not reliable. In these cases the 
estimators use their judgement. This judgement can be used to "estimate" a value 
for every cost estimation component identified. Obviously their level of knowledge 
is crucial for the accuracy. 
Below the information sources are categorised into three groups (Figures 5-13,5- 
14 and 5-15):. 
The internal resources of the company; 
The resources of the supplier; 
The resources found from the external environment. 
This classification was based on the view that cost estimators had access to all the 




The basic sources of technical information on the part are company design 
catalogues, part specifications, bill ofmaterials, drawings, and physical parts. 'The 
latter three might be taken from suppliers and the physical parts maybe from 
competitors' cars. Catalogues are used by engineer designers to choose parts for the 
drawings; therefore the cost estimators can use them as references. Part 
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specifications relate to the performances, materials or the technical details about the 
part. 
Other Departments and People 
Engineering design, engineering works, human resources, logistics, 
manufacturing, purchasing departments can provide important information to cost 
estimators. Their expertise can give direct opinions about costs or provide expertise 
to help cost estimation, e. g. logistics people for the evaluation of transportation 
costs. Some cost estimators noted that especially purchasing have databases which 
can be used instead of personal communication. 
Documents and Policies 
Company policies and supplier contracts provide guidelines to follow when 
creating cost estimates. In most cases these values are given and cost estimators 
may be allowed the change these values only if the reason is justifiable. 
Supplier Resources 
The resources classified into this section have one thing in common, the 
uncertainty of the quality of the information and the accessibility of it. 
The supplier always has a better position when cost estimating. The information 
sources identified from the supplier side can be accessible or not, there are seldom 
guarantees that the information provided or observed is correct. The supplier can 
give all the information needed but all information should be validated, e. g. by 
using external environment resources or benchmarking against other suppliers. 
The resources of this category can be divided into two; the forms filled by suppliers 
and the validation of their claims by asking documented information and making 
supplier visits. 
Detailed Cost Breakdown Forms 
These forms are used to ask for information in great detail. The exact content of 
them is company specific; the level of detail can derive from detailed Quotation 
Analysis Forms (QAF) or from asking all possible information which has been 
included in other categories in this chapter. What makes these forms special is the 
normalisation of information achieved by categorising it. This is done by providing 
clear instructions of what should be included in each category, e. g., how material 
handling labour should be included in an estimate. This normalisation is important 
164 Improvement of Cost Estimating Internal Practice 
Data and Information Requirements for Cost Estimating 
as each supplier has slightly different views on the classifications between data 
groups. 
The content of detailed cost breakdown forms are not discussed in more detail but 
the Web Portal deliverable contains similar normalisation logic that can be found 
from a very detailed cost breakdown form. 
Documents and Databases 
Possible sources of data can be from: Salary slips, maintenance contracts, quality 
inspection reports, maintenance reports, machine purchase contract, payroll, 
inventory logs, and financial accounts and statements. These resources are 
normally used to validate the costs reported by the supplier. The analysis of them 
takes plenty of time. This applies especially to financial accounts and statements; 
the information is not detailed in small companies and in larger companies they can 
be very complex. Although some data exists in software tools available in the 
organisation, there is a lack of analysis and a lack of published literature in this 
area. 
SuI212lier Facto! j Visits 
The best supplier information can be acquired by visiting a company and seeing 
how the work is done, e. g. assessing practices and seeing process flows. The cost 
estimator must become familiar with the facilities, equipment, and personnel who 
will perform the work. These visits reveal as much information as the supplier 
allows. 
External Environment Resources 
Vendors 
Machine vendors, tool vendors and material vendors are good sources of 
information to verify cost claims. They can also give detailed information of their 
products. 
Labour Information 
Local newspaperjob advertises, job agencies and labour statistics are sources for 
finding labour rates and other labour related information. Labour statistics 
information can be public or bought from consultancy companies. In the latter case 
all the needed labour information can come from one source. Labour union 
agreements and labour laws also provide information on working conditions. 
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Figure 5-13: Internal Resources and Types of Data 
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Figure 5-14- Supplier Resources and Types of Data 
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Figure 5-15: External resources and Types of Data 
Miscellaneous Sources 
Four other sources with are directly linked with the manufacturing cost estimation 
were found. Industrial insurance companies can provide information how much the 
approximate insurance costs are. Automotive consultancy companies can provide 
information on marketing and other non-manufactu ring overhead costs. These costs 
are difficult to estimate therefore professional help might be helpful. Lastly, 
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specialised logistics companies besides own logistics department can provide 
professional opinions. It might also be that the supplier is using outsourced 
logistics services therefore comparing them is useful. Materials statistics, e. g. 
Financial Times can provide quick reference for material prices. 
When discussing with the cost estimators the data infrastructure, the author asked 
for generic resources of information. The aim was to develop a generic model to be 
useful for almost all the automotive manufacturers and maybe other manufacturing 
organisations. Therefore company specific information was "abstracted". 
Internal resources normally provide all the needed technical information and 
commercial guidelines. Cost estimators also rely on personal communication. One 
cost estimator crystallised this by saying that: 
"When in doubt, ask the expert ". 
The companies do not normally support cost cstirnating activitics directly, so even 
if other departments have databases and information systems cost estimators are 
required to find out and know how to use them. 
Supplier resources are the "best source" when cost estimating suppliers. 
Unfortunately, these resources are difficult to access. Generally cost estimators 
agreed that the bigger suppliers tend not to disclose information, especially when 
they have de facto monopoly for a component. 
Quotation Analysis Forms were not covered Under the supplier category. The 
reason for this is that they are a resource mainly for purchasing. They coril. 1111 only 
key information needed for a particular case. The content of QAF is dependent oil 
the purpose of the activity. Generally the form asks the opiiiioii oil main cost 
categories, such as material, process, tooling and overhead costs. The content of' 
typical QAFs is not discussed. They do not provide detailed infiormation required 
by this research. 
External envit-onment resout-ces are used flor two purposes; vendors call provide 
detailed information of their products. Secondly, all the resources provide 
information for the validation purposes. 
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5.6. The Web Portal 
This section presents the information infrastructure. This Web Portal is briefly 
discussed and the results are highlighted in this section. 
Introduction 
The research aims to identify what are the information requirements in the 
automotive industry. This would improve the cost estimation activity. As decisions 
are as good as the information used to create it, providing better information for 
cost estimating increases understanding how cost estimators construct their 
estimates. This understanding should lead to sound and justifiable decisions. 
Novice cost estimators, engineering designers, buyers and other stakeholders can 
all gain from better understanding of cost estimation elements. 
The Web Portal is a structured information package, which defines in depth the 
cost elements needed in the current automotive cost estimating. The infrastructure 
gives detailed information about the usage of these elements for cost estimation 
purposes, and also it gives helpful hints to find information resources. It also 
provides argumentation why the cost element is important, and how to validate the 
provided information. 
The Web Portal has its academic side which defines the information requirements 
for the automotive industry. But the Web Portal has been written so that the 
intended readership can be people who are somehow involved in the cost 
estimating process. The Portal does not only list information but provides an 
informative account of each cost clement to the necessary Oetail. Readers may have 
some degree of cost estimating or cost management knowledge, and aspire to learn 
more. Non-experts would better understand information used in the cost estimation. 
However, this site can be also used for reference by more senior cost estimators. 
The Users 
The web portal was developed to improve the interaction between the disciplines 
involved in CE. As such the main users will be CE-C and CE-E. Commercial 
people will be able to understand what is included in an estimate and why, where 
the information was taken from and what everything means in the estimate. Cost 
Estimators with many years of experience will be able to use a data infrastructure 
which is clearly defined across their organisation. Novices in CE will also benefit 
greatly from the use of the tool as it explains most of the fundamentals with regards 
to what information you need to develop the estimate. 
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The Structure 
The Web Portal presents findings of the research in a visible and organised manner. 
The Portal is a collection of web pages created using Microsoft FrontPagc 2002. 
The deliverable is accessible via any modem web browser because HTML 
(Hypertext Markup Language) is used to describe the content. 
The content of the data templates (that is web pages) offers an extensive coverage 
of cost elements based on all analysis made for the thesis. The information is 
categorised and organised into logical groups as explained above. The Web Portal 
is hierarchical by nature; generic concepts are subdivided into more atomic cost 
elements. This enables to see how different elements are related together. The cost 
elements are cross-referenced by using HTML hyperlinks between the pages. This 
allows the user rapidly discover the linkages between elements and to browse 
through the web site. The Web Portal also provides an index which helps to see all 
the cost elements and other supportive pages on one index page. 
The content of the Web Portal is based on the identified best practises for each 
individual cost element. Described best practises are generic enough so that the 
content is beneficial for different cost estimators and companies. 
Data Templates 
Data templates inside of the infrastructure define each cost element used in the 
automotive industry. They explain in detail why cost elements are relevant and 
identify possible sources where cost estimators can find values for them. Each data 
template answers on at least the following questions; 
What is the cost elcment 
Why it is used 
What are information sources for it 
How to validate the information 
Some cost elements contain more information when that is relevant for the correct 
understanding. Examples can be the difficulty of material rate estimation, or the 
expertise needed for measuring operating times correctly. 
Data templates contain the information specified above but are not restricted to 
artificial structures. Good examples of this are possible notes sections. These 
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sections illustrate some additional information that might be useful to better 
understand the characteristics of the information. 
The information resources were discussed in more detail in the previous chapter but 
the Web Portal is much wordier on the description of the resources. Because the 
importance of information sources were emphasised during the research, the Web 
Portal goes into more detail on this issue. Besides listing resources it also gives in 
some cases web links to information sources. These sources are for example 
material, machine vendors or statistical agencies. These links address the issue 
when more detailed information sources are not available, maybe because of the 
supplier is reluctant to release information, because time pressure prevents 
collection of more detailed information, or 3rd party information is needed for the 
validation. But when using these sources it is important to read mentioned 
limitations for the corresponding cost element. 
5.7. The Infrastructure and the Common 
Process 
The common process model and the information infrastructure are not separate 
deliverables. This section briefly discusses the integration of the infrastructure and 
the common process model. 
The common process model was created not only for investigating resources and 
information but also to support the usage of the information infrastructure. The 
common process model provides a list of cost elements to use during the each step' 
of the cost estimation process. The lists support the cost estimation task by 
providing understanding what cost elements should be used during each step. The 
information infrastructure contains the corresponding cost elements of the common 
process model; therefore the cost estimator may easily find the required cost 
elements from the infrastructure during the cost estimating activity. The data 
templates of the infrastructure can provide fin-ther guidance on cost estimation 
information, which may be consulted when necessary. 
Therefore there is a link between the common process model and the infrastructure. 
When using the model it is possible to use the infrastructure for further clarification 
and vice versa. 
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5.8. Validation 
The analysis of the cost elements was qualitative therefore the validation of the 
web portal was necessary. The author chose the best practises based on the analysis 
done during the research and further clarified problem points when necessary. The 
completed Web Portal was examined by two senior cost estimators from two 
different automotive companies, one with eleven years of experience in 
commercial issues and the other with thirteen years of experience in engineering 
issues. One of them was originally interviewed and the other one provided a fresh 
view on the project. Both suggested a couple of minor corrections, which were 
implemented after checking their suitability with the overall model. The changes 
related to the correct terminology and wording of some of the explanation provided 
in the web portal. 
Both experts where asked if the Data Infrastructure improves the interaction 
between CE-E and CE-C. They both agreed that the study defines the terminology 
used in CE both for commercial and engineering point of view; therefore it 
improves the cost estimator's understanding of each other domain and improved 
communication. The communication improvement in terms improves 
understanding and interaction between the groups and as a result improves CE 
internal practice. 
5.9. Chapter Summary 
The Process Models 
Section 5.3 analyses the results of the common cost estimation model. When 
analysing benchmarking and detailed cost estimating conducted in the companies, 
it was found that both are using similar cost elements. Based on this finding a 
single common cost estimation process model for the automotive industry was 
developed. The model is based partially on the work of the AS IS, chapter 4 and on 
the process maps presented in Appendix C. 
The model described the workflow used when estimating costs, both how to create 
a detailed cost estimate and how to analyse benchmarking information. The model 
shows how well structured cost estimates should be done and what information to 
use during each step. It tries to be as simplify as possible without losing necessary 
detail. It logically follows through cost estimation process and concentrates on the 
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important aspects of cost estimation and tries to achieve the commonality across 
the industry. 
The Data Infrastructure 
During this chapter the cost estimation information infrastructure, was built. The 
development of it was based on the cost elements and resources identified. 
Further analysis was conducted for the creation of the Web Portal, which is the 
physical presentation of the information infrastructure. First the cost elements were 
categorised. The categorisation was a consensus that fulfilled major requirements 
of the automotive companies. It organised cost elements into logical groups and 
reduced the likelihood of bundling between cost elements. The categorisation 
produced diagrams containing all the cost elements. These diagrams form a tree 
hierarchy, and the cost elements were categorised into this tree hierarchy. This tree 
form was chosen because then the hierarchy was directly suitable for the 
information infrastructure. This hierarchy provided the basis for the creation of the 
Web Portal which presents the findings of the research. 
The research elicited several resources used by cost estimators in the automotive 
industry. The number of specific sources was observed to be great. The large 
amount of different sources suggests that there is no standard way how information 
sources should be used. The cost estimators agreed on this during the interviews. 
This has led sometimes to situations where different cost estimators making similar 
estimates have different results because of the choice of the resource. This seemed 
to relate to the fact that for many cost elements there is many different resources 
available. Therefore without corporate guidelines it is difficult to harmonise what 
sources individual cost estimators are using. 
The sources were classified under three major headings; internal resources, supplier 
resources and external environment resources. The internal resources provide 
mostly technical information of a component and expertise for particular situations. 
Supplier resources are the main source of information. Cost estimators can ask 
variety of information from the supplier but the validation of the provided 
information is an issue. Also there are no guarantees whether the supplier grants an 
access for this validation. Therefore it is normal practice to source information 
from the external environment for this validation. The second benefit is the speed 
of getting information for some cost elements. 
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It was found that cost estimators use resources for getting two different types of 
information; cost information and information needed to deduce the cost. Also it 
was observed that there is a difference between the information available from the 
resources and the actual information used it is only portion of data available was 
used, therefore the used cost elements are mere subset of all the information 
available. The author selected 80 cost elements from these resources. A cost 
element was selected if cost estimators considered it to be both relevant and 
actually usable for the creation of a cost estimate. 
Web Portal 
Section 5.5.3 addressed ' 
the creation of the data templates (web pages) for the Web 
Portal. These templates defte each cost element used in the automotive industry. 
The content of data templates is based on the identified best practices for each 
individual cost element. The templates explain in detail why cost elements are 
relevant for cost estimation and identify possible sources where cost estimators can 
find values for them. Each created data template answers at least the following 
questions; what is the cost element, why it is used, what information sources are 
available for it, and how to validate the information. 
The combination of the hierarchy and the data templates together created the Web 
Portal. It is a structured information package, which defines in depth the cost 
elements needed in a visible and organised manner. The Portal has been written so 
that the intended readership can be people who are somehow involved in the cost 
estimating process. 
The author believes by providing the information infrastructure for cost estimating, 
a certain level of reliability and consistency can be induced to the cost estimating 
process thus improving the interaction between the commercial and engineering 
disciplines within cost estimating as identified by chapter 4 and the introduction of 
chapter S. 
In the next chapter, the author describes the second important contribution that was 
identified from chapter 4, the function-based cost estimating approach. The 
structured framework provides a basis to improve interaction between CE-C and 
CE-E and the CE internal practice. 
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6. Function-Based Cost Estimating 
In the previous Chapter, the 
. ...... development of the data infrastructure 
for estimating manufacturing cost was 
B F 
Chwý. r 2 
ýkg wM presented. The cost estimating process 
. that is followed within the majority of R the automotive companies was 
established. This allowed the 
identification of the cost elements that Chapter 6 
FUCE are needed to create a cost estimate. A 
Frainework list of eighty elements and the 
Developinent resources from where they call be 
retrieved was selected from the cost 
estimators themselves that were found 
to be relevant and usable in the Syn 
creation of an estimate. It was found 
that cost estimators needed resources for retrieving two types of information: 
costing rates and information related to the resources "consumed" in order to 
manufacture the product (machine spe cifications, material melting tcniperatUrcs, 
etc. ). Finally, the data infrastructure was developed and validated by the estimators 
and presented in the form of a web portal (data templates). 
The above work was conducted as part of the findings the researcher idenlificd In 
chapter 4 (AS-IS). Those findings identified two major needs: 
The need for a data infirastructure f'or manufacturing cost 
estimating and; 
aA frarnework for improving cost communication across 
commercial and engineering disciplines within CE. 
Chapter 5 addressed the first requirement, therefore the objective ofthis chapicr is: 
Chapter Aim: 
To develop a structured cost estimating frarnework to improve Interaction 
between commercial and engineering disciplines within CE at the conceptual 
design stage. 
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In Section 6.1 the author describes the reasoning behind his decision to use product 
function and cost estimating techniques to achieve his aim and describes the 
Function-based Cost Estimating (FUCE) framework. In section 6.2 the detailed 
methodology is presented. In section 6.3 a case study is presented using the FUCE 
framework. Finally in section 6.4 the author summarises the Chapter and presents 
the key observations before moving onto Chapter 7, where two further case studies 
are implemented. 
6.1. Improving Interaction of CE-C and CE-E at 
the Conceptual Design Stage 
As discovered during chapter 4 (AS IS), CE-C and CE-E have different 
responsibilities. At conceptual design stage the main responsibility for the CE-C is 
to prepare a project proposal and check the feasibility of a new product. Their 
responsibility is to put together the speciJi'cations of the product and prepare its 
likely target costs for manufacturing. For that, they need to compare cost estimates 
with the historical data available to them from previous products made. The 
information available to CE-C at this stage is quite abstract as it only includes the 
requirements of the product. The information included in the 'cost information 
packs' (see section 4.2.3) has the form of a list of requirements the product needs to 
perform and in some cases a conceptual drawing. This is an evolving document 
which if the project progresses, will include more information until all the required 
detailed cost estimates are included prior to the manufacturing stage. 
During the conceptual design stage the CE-C will have to make some decisions 
together with the product design team about the specifications of the product and 
try to create a cost estimate. For example, in the case study examined in the next 
section which uses the muffler system, the experts will have to specify in what type 
of car the exhaust system will have to be installed. In most of the cases, this group 
of people have the expertise to identify what are the specifications of the product 
but cannot relate how these specifications will affect the product itself and its 
functions. They lack the engineering knowledge of the CE-E to understand the full 
effect it will have on the design and cost. The financial techniques used by CE-C 
are not always adequate due to their relative simplicity (section 4.2.6) and the 
target costs produced do not have sufficient back up information that elaborates its 
values. At this stage, the CE-C will request from the CE-E to provide an estimate. 
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This is where the problem lies, between the interactions of the two groups. As was 
observed in chapter 4, the required input for CE-E to prepare a'detailed estimate 
has to have the form of a detailed design, a physical product or the product 
specifications. When the CE-E have either a physical part or a detail design, it is 
relatively easy for them to develop a detailed estimate as most of the required 
information can be derived from those two mediums. But when the Specifications 
are provided, CE-E need to make a lot of assumptions with regards to the way the 
product will look. The way theproductfunctions will befuýllled will be affected by 
the specifications provided 
The types of requests CE-C will ask the CE-E are for example: 
"How much will the exhaust system cost if we increase the engine capacity 
of the vehicle? " or; 
"How much will it cost to add all-wheel drive to the vehicle? With a small 
capacity engine or a large one" 
At the conceptual design stage this is the type of questions a CE-E will receive, un- 
quantified request. The CE-C are not looking for detailed estimates but for an 
approximate cost in order to be able to make decisions. CE-E, using the bottom-up 
process will try to acquire more information regarding the product in question and 
try to use their expert judgement (see section 2.2.1) in order to provide the answer. 
There are a series of problems associated with this approach: 
N CE-E make assumptions that are not documented; 
Results are not repeatable; 
Results cannot be explained easily to another cost estimator as they are 
based on the assumptions of an individual and are not necessarily the most 
complete. 
The whole process is not systematic. 
In many cases CE-E make assumptions that are not agreed with engineers, 
leading to errors in the cost estimate. 
While developing a cost estimate CE-C think in terms of the overall car 
specifications. They often lack knowledge to link the specifications to functions 
and design. In case of estimating cost for a product they fail to appreciate the 
impact specifications will make to a design and its functions. If not communicated 
clearly and in a systematic fashion, explanation from CE-E is often treated with 
caution as 'over estimation'. On the other hand CE-E develop estimates in a 
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detailed manner using design and manufacturing knowledge. * They often fail to link 
design with its overall function in the car. CE-E often criticise CE-C estimates due 
to the lack of underestimating or appreciation of product and cost issues. FUCE 
provides a framework to 'link' the specification-based thinking of CE-C with the 
product functions and then with detailed cost estimate based on the design. The 
framework will allow CE-E to answer specific questions asked by CE-C. This 
improved interaction certainly enhances the internal cost estimating practice with 
the automotive industry. 
Desian of Research 
The methodology was developed with the help of a large automotive organisation. 
Participants included a person from the product development department (in this 
case representing the CE-C) with 12 years of experience in the automotive sector, a 
CE-E with more than 10 years experience in Cost Estimating, a product engineer 
associated with the commodity under investigation for more than 6 years, and a 
person from Tear-Down being in the company for 8 years. In total four people were 
involved. Tear Down is a facility that exists in most of the large automotive 
manufacturers, this group acquires cars and dismantles them in to its components; 
this allows engineers within the organisation to investigate how the competitors 
manufacture similar products and perform benchmark exercises to identify 
opportunities for design and cost improvements. 
The methodology was validated with a case study which is presented in section 6.3. 
The case study lasted for a period of six months. The author compiled the steps of 
the methodology as he thought appropriate. Then with the assistance of the experts 
involved in the team, the framework was refined until it was'considered acceptable 
by the experts that participated in the study. 
6.1.1. An Overview of the FUCE Framework 
The objective of FUCE is to 'translate the un-quantifled terminology and the 
requests associated with the product specifications used by CE-C into a medium 
that CE-E can process using their resources, and create estimates that are based on 
a standardised approach. The model can be broken down into three basic stages: 
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Stage 1: Functional DecompositiOn 
Product 
=Function 
1 Function 2 
=Fun, 
Figure 6-1: Stage I Functional Decomposition 
In order to analyse how the product is affected by the specifications, the functions 
of the product need to be analysed. The product is broken down In tile basic 
functions it needs to fulfil, for that purpose functional decomposition techniques 
are used as reviewed in the literature (section 2.3.2. ). 
Stage 2: FUCE 
Product 
Function 111 Function 2 
COST COST 
-i 
Fun ion 3 
E 
Cos I 
Figure 6-2: stage 2 FUCE 
The next step is to try and identify what physical parameters affect tllc product and 
try and associate a cost to them. The objective is to try and answer tile (]Llcstl()Ils 
"How much will it cost rne to add this function oil my product'? " and -I low will tile 
specifications affect the cost? " It is important to note that tills Is tile type of 
questions CE-E are required to answer at conceptual design stage. As we Ire going 
to see in section 6.3, the resulting cost estimate call have a range of values 
depending on the way certain functionalities are performed. 
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Stage 3: Data Acquisition 
Product 
Function 111 Function 211 Function 3 
F UIC E 
COST COST COST 
DATA AQUISITION 
Figure 6-3: Stage 3 Data Acquisition 
The last stage relates to the needs of the data requirements to create a successful 
cost estimate. Data needs to be collected in relation to previous products made, for 
example, what material was used in the past, how much of it, what manufacturing 
process was utilised, etc. Also design attributes need to be collected as they will be 
used to create relationships between them and cost (more details in the next 
section). Finally, the rates associated will have to be acquired. 
It is important to note that this model satisfies both CE-E and CE-C. The first part 
of the model addresses the CE-C (figure 6-5). The commercial discipline for the 
majority of their time tries to fulfil customer requirements. They try to fulfil the 
vi, ants and the needs of the customer. The objective of the framework is for the CE- 
C to be able to configure the specifications that affect the product functions more 
and get as a direct result of that a cost estimate summary of the product costs. 
These costs have been assigned to functions using relationships created with 
product experts and cost estimators. In this way, the commercial estimator will be 
able to retrieve meaningful and rational estimates, at conceptual design stage, based 
on the functions their system will need to fulfil. That will help them especially at 
proposal preparation and strategy costing. 
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Product 
Function 1 Func ion 2 Function 3 
FUýCE 
Figure 6-4: FUCE and the commercial facet 
Figure 6-3 represents how the CE-E will interact with FUCE. Engineers will be 
able to provide a cost estimate that has been derived using detailed bottom-up 
estimating, in a methodological way and which is understood by the commercial 
estimators and followed throughout the different products or systems. For that to 
happen, the functional decompositions of the products will have to be agreed ill 
advance between commercial and engineering disciplines within cost estimating. 
FUCE 
COST CUS I COST 
I DATA AQUISITION 
Figure 6-5: FUCE aud the engincering, facet 
Once a function has been established and estimate(l, there will be no necessity 1'01' 
that function to be cost estimated regularly, thus reducing repeatability ot'work. 
6.2. FUCE Methodology 
Methodology 
From the model in figure 6-3 follows that the first two stages ofthe model call be 
broken down into more detailed, fundamental steps. Figure 6-6 demonstrates the 
steps of the FUCE methodology: 
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Figure 6-6: FUCE Methodology 
I 
6.2.1. Step 1: Define Product Decomposition (PD) 
First the I'D of the manufacturing good is created. There are a series of reasons for 
doing this: 
1. If the product has not been estimated before, a breakdown can be provided 
that will allow the experts to develop an estimate; 
2. By providing a PD it is easier for the experts to identify the functions of the 
product; 
3. Another possibility could be that many estimates or designs of similar 
products already exist within the organisation for this specific commodity. 
In this case the PD can be used to examine the different types of products 
and conclude to-a generic design that represents most of the products. 
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In most of the cases there are many similarities between products, once an estimate 
can be associated with case to the I'D then this cost estimate can be used as the 
basis for the model development. The cost estimating techniques suggested for the 
development of the estimate is bottom-up estimating. This technique was identif-led 
during Chapter 5 to be the most common techniques utilise by CE-E. The way of 
developing an estimate using this technique is discussed in chapter 5 and can be 
found in appendix C. In summary a detailed estimate will include: 
" Material usage and material rates needed to manufacture the final 
component; 
" All the processes and the costs associated to manufacture the component; 
" The type of labour (semi-skilled, specialist, etc. ), labour minutes and rate 
needed to manufacture the component. 
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Figure 6-7: Sample of detailed bottom-up cost estimating 
Figure 6-7 shows the part of the cost estimate that is associatcd with an exhaust 
pipe. First the processes like inspection, tack weld, and finishing processes, etc. are 
calculated, then, the cost of the material is added. The manning for each process is 
calculated (1) and the type of Labour needed (semi-skilled AA, skilled AB, 
specialist AS, etc. ) is specified using expert judgement. 
This type of estimating provides enough detail to construct the relationships as 
identified later in the methodology between product parameters and functions, for 
example, material type and usage. 
6.2.2. Step 2: Define Functional Decomposition (FD) 
The FD allows the users to associate the functions of the product to the PD and 
therefore to the cost estimate created. With this approach a link is created with 
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regards to what parts of the product are affected by which functions. The 
classification will also help the ability to "pick n' much" functions for the system. 
For the purpose of this exercise the author decided to use Functional-Analysis 
System techniques (FAST). The FAST technique has long been used in Value 
Engineering to analyze costs. But, the method can also be useful in Engineering 
Design. It is proposed that FAST. is a powerful design tactic that can be 
incorporated in any Systematic Design strategy. 
Most Systematic Design strategies such as those of Love (1986) Hubka (1980), and 
Pahl and Beitz (1984), require the development of the "functional structure" of a 
technical system early in the design process. The establishment of a functional 
structure usually comes after the elaboration of the specification and before the 
search for alternatives. The functional structure is a way of describing the technical 
system in its most elemental form. It presents the design solution independent of 
the specific technical methods to be involved. 
In most systematic design procedures, the starting point for developing the 
functional structure is identification of the input-output nature of the system, the 
"black box" approach. The mechanism for developing the details of the functional 
structure is presented only in a very general way. A specific tactic is not usually 
given. The FAST can be an effective tactic for this purpose. 
FAST 
FAST stands for "Functional Analysis System Technique". It was first conceived 
by Charles W. Bytheway in 1965 (1971), as a way to systematically organize and 
represent the functional relationships of a technical system. "Function", expressed 
as verb-noun, has been a fundamental concept of Value Engineering since its 
inception. Although the concept of function in VE was a powerful tool, until the 
development of FAST, it served only to focus the attention on the functional 
aspects of the product and to aid in differentiating between its basic and secondary 
functions. It divided the product into manageable . elements 
to be dealt with 
separately. The FAST diagram builds on and extends this concept. 
In FAST the functions of the system are identified and displayed graphically with 
respect to a "how? - why? " relationship (figure 6-8). 
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Figure 6-8: Example of a FAST Diagram-Bulb (SAVE, 2001) 
BUILDING THE FAST DIAGRAM 
To produce a FAST diagram for a technical system, all known "functions" that can 
be associated with the technical system both internal and external are identified. 
The functions should be, as in VE, in the form a verb-noun combination (figures 6- 
9 and 6-10). 
The verb should be an action verb (hold, protect, rotate, move, control, direct, etc. ), 
it is the "effect", the "operation" that is performed., Passive or indirect verbs 
(provide, supply, become, etc. ) should be avoided. The verbs describe the "physical 
effects" that take place within the system. 
The noun should be descriptive and general; it is the "operand" on which the 
operation takes place. These nouns can be conveniently identified as some form of 
material, energy, information, or abstraction (such as reliability). 
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Verbs 
Absorb Control Hide Minimize Rotate 
Actuate Convert Hold Modulate Satisfy 
AidCreate Ignite Mount Seal 
Allow Direct Impart Move Secure 
Amplify Ease Impede Open Shield 
Apply Emit Induce Position Shorten 
Assist Emphasize Inject Preserve Space 
Assure Enclose Instruct Prevent Standardize 
Avoid Ensure Insulate Promulgate Steer 
Change Establish Interrupt Protect Support 
Close Exude Limit Receive Suspend 
Collect Facilitate Locate Rectify Time 
Comfort Fasten Maintain Reduce Tolerate 
Conduct Filter Maximize Repel Transfer 
Contain Guard Mesh Resist Transmit 
Figure 6-9: List of Verbs for FAST, Ullman (1997) 
Nouns 
Access Decoration Flux Noise Task 
Odor Density Force Aesthetics Time 
Area Dependability Friction Oxidization Torque 
Care Deterioration Heat Pressure Dust 
Catalysis Direction Horsepower Protection User 
Weight Uniformity Image Radiation Rust 
Color Emissivity Information Repair Flow 
Fluid Energy Injury Variation Voltage 
Current Vibration Insulation Stability Status 
Damage Corrosion Light Volume 
Figure 6-10: List of Nouns for FAST, Ullman (1997) 
Names and specific descriptions should be avoided because they limit the choice of 
creative alternatives. The use of adjectives and adverbs are not used for the same 
reason. The more elemental terms are the most desirable at the start. This is 
especially true for the initial functional description of the technical system; later 
specific names may be usefully added as design decisions are made. 
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At the beginning it is not essential that the functions be developed in an orderly 
manner or that they be complete. It has been found that the identification of the 
functions tend to occur in a somewhat random fashion, as ideas do during the 
creative phase. At 
ihis stage, it is expedient to write out each function on a separate 
card. During the subsequent spatial re-arrangement of the functions to produce the 
working FAST diagram, additional functional requirements will present 
themselves. 
In describing an existing technical system, it is easy to identify all the functions. 
With a new system, it may be necessary to start with the essential functions derived 
directly from the needs, objectives and specifications for the system. 
The functions are classified into basic functions, and secondary (support) functions. 
The basic functions are those, for which the technical system exists, the basic 
functions are the functions of the technical system. The secondary functions are all 
the other functions that are part of the technical system and assist the basic 
functions. There may also be unnecessary functions in a technical system. In 
technically oriented FAST, the objective is to determine the one and only basic 
function. In product oriented FAST, four primary supporting functions are also 
present; the one that assure dependability, the one that assures convenience, the one 
that gives satisfaction, and the one that attracts the user. Two arrows are placed at 
the top of the FAST diagram; one pointing right marked "HOW? ", and one 
pointing left marked "WHY? " The basic and primary supporting functions are 
selected and placed one above the other to start the FAST diagram, with the basic 
function uppermost. The remaining functions are arranged to the left or right of 
functions already on the diagram depending on whether they answer the question 
"how? " or "why? " If the function is "provide light" the function "convert energy" 
would go to the right of it because it answers the question "How", the function 
"provide luminous light" would go to the left because it answers the question 
66why" (figure 6-8). In Appendix DI further guidance of how to use FAST is 
presented. 
ADDING A NEW FUNCTION 
Although it is not often the case in the automotive industry to have radical changes 
in the functionality of a commercial vehicle (section I- 1), there is a possibility that 
a new function might need to be added to a current product. Traditional function 
decomposition techniques do not accommodate such cases but in the literature 
review such a method was reviewed. Kirschman (1996) developed a methodology 
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(reviewed in section 2.3.2) called Functional Taxonomy and the author suggests 
that it can be used successfully to identify the physical attributes of functions. As it 
can be seen in figure 6-11, the function is broken down into four categories: Power, 
Motion, Control and Enclosure. By identifying or speculating how this new 
function can be performed, it is possible to define the physical attributes that are 






Figure 6-11: Kirschman's Functional Taxonomy (Kirschman, 1996) 
6.2.3. Step 3: Identifying Cost Functions 
The next step is to identify the cost functions. Cost functions are those that the 
experts feel affect the cost of the product the most and they vary. By identifying the 
cost functions, we identify the variables that are going to be used for'the model 
development. This stage is important because as the experts investigate the 
functions, they can isolate the ones that they want to represent as a constant value 
in the cost estimate. 
The functions that the engineer chooses to analyse further for cost estimating 
purposes can be from any, or all of the groups mentioned earlier. The Basic and 
Task functions are a necessary function for the product. The supporting functions 
affect the cost too as from their nature and are desired but not necessary. 
6.2.4. Step 4: Define Product parameters of cost functions 
Once cost functions have been acknowledged, the specifications of the vehicle and 
the physical attributes of t4e product that affect those functions are identified. To 
identify those parameters, interviews with the engineers and commercial people are 
performed. Participants can include varied groups of the organisation like product 
engineers, tear-down, purchasing, CE-E and CE-C. It is vital to include people with 
varied background as this creates the opportunity for better results. For example, it 
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is possible that a CE-E can have a certain understanding of how a function has been 
fulfilled if he has been cost estimating a past product. His understanding is not 
great enough to warrant an acceptance of his proposition. A product engineer who 
actually develops similar products like the one under investigation or tear-down 
people who actually seen competitor's product and experience different solutions to 
the same problem, can have a valuable input in identifying those physical 
attributes. 
6.2.5. Step 5: Create relationships between functions and 
product parameters 
Now that the cost functions and the physical attributes are established, the next 
stage is to create a relationship between them. Cost functions can be separated into 
two types. One is binary, you either have it or you don't. The other is related to 
performance. In this case the experts need to identify how the values of the 
attributes associated with the function would change. 
> If the function is equal to a fixed value, the relationship has to be 
established between the external parameter in the product attributes. 
> If the function has different values, then the relationship is established 
between those values and the product attributes. 
These relationships can either be: 
Constant: There is only one value that this function will have. This is 
usually because that function will represent a "bought ouf 'part or "standard 
parf '. 
Linear: The relationship may be linear because the design philosophy 
behind the product has not changed. What will change are the materials 
used and the size of the product, therefore a linear relationship will be a 
good a presentation. 
Complex: In this case, the relationship is so complicated that is not easy to 
represent. In such a case the creation of an estimate and further 
understanding is necessary to understand how this function is affected. 
These relationships are either represented by mathematical equations or by tables. 
The tables are created through eliciting the knowledge of the expert. Examples are 
presented in Section 6.3 where a case study is developed. 
6.2.6. Step 6: Apply relationships to cost estimates 
The final step in the methodology is to combine the cost estimate that was decided 
to be used from step I after the PD was identified and relationships were created. 
physical attributes that are not affected by the cost functions identified by the 
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experts will have a constant value, for example, all manufacturing processes 
regarding the manufacturing of a pipe will have a constant cost associated with it. 
This will form the basis of the estimating model. Then, wherever an attribute is 
identified in step 4 will be replaced by the relationship developed (mathematical or 
table) created during step 5. The value used in the estimate will depend on the 
selection of. the dependant variable chosen by the expert. 
6.3. Case Study: Exhaust System 
In the section 6.2 the FUCE methodology was described by. the author. In this 
section the author demonstrates and validates the methodology using a case study 
approach. 
The case study was completed in a period of four months. The workload and the 
difficulty of arranging joint meeting for all the participants was a major reason for 
the long period. Not all the meetings were conducted with the participation of 
everyone. In total 9 meetings were held, that lasted between half and a full working 
day. The full details of the participants can be found in section 6.1.1. 
The methodology was validated through this case study. In every step, the author 
explained the procedure and the experts commented based on their experience how 
useful and easy to understand was each step. 
Once the case study was complete the author organised a workshop with the entire 
group for validation issues. The areas of interest that the author asked the 
participant to comment were: 
m Performance (how long does it take to use it and how much data is needed) 
" Accuracy 
" Ease of Use 
" Relevance (Could it be used day-to-day? ) 
" Completeness (Does it cover everything or not) 
" Ease ofAdoption 
" Transferability (Could it work in every system, e. g. electronics) 
" Improving interaction of CE-C and CE-E 
The actual cost estimating model is developed using MS Excel spreadsheets. Excel 
was selected because it provided an accessible way for the author to represent the 
relationships and the tables he would create arld then link them to the cost estimate. 
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The availability of an estimate already in Excel within the company also 
contributed to that decision. 
Scenario 
This thesis is concerned with the interaction of CE-C and CE-E at the conceptual 
design stage. As it has been demonstrated in the introduction of the thesis, in 
chapter 4 and again discussed in section 6.1, CE-C will request an estimate at the 
conceptual design stage. That request will be in unquanti/lable terms, and will be 
quite vague. The "input" for the CE-E to deal with the request will be a sentence 
with very limited information, which usually will refer to the specifications of the 
product. The CE-E although they have the ability to produce an estimate once a 
design or a physical part is available; they find it difficult to face such request. 
Typical request will include: 
How much will the exhaust system cost... 
a) "... in a small car (class A) with a small cngine/1.0 litre? " 
b) "... in a small car with a large engine/2.0 litre? " 
C) "... if we try to improve the life of the component from 2 to 5 years? " 
d) "... if we fit in a large car (class D) a small engine/1.6 and want to have two 
tailpipes to make it look better" 
The author specifies the engine size in the formulation of his questions. It has to be 
noted that in many cases the request would not even provide such information, it 
will be just "small engine", "large engine". 
Following the methodology, the author will try to answer questions a) to d). 
6.3.1. Description of an Exhaust System 
Muffler 
Exhaust gases leave the engine under extremely high pressure. If these gases 
escaped directly from the engine the noise would be tremendous. For this reason, 
the exhaust manifold sends the gases to a muffler (figure 6-12) where they go 
through metal plates, or tubes, with a series of holes. The pressure of the gases is 
reduced when they pass through the muffler, so they go out of the tail pipe quietly. 
The muffler is made of metal and is located underneath the body of the car. It's 
connected between the tail pipe and the catalytic converter. 
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There are two types of muffler design. One type uses several baffled chambers to 
reduce noise. The other type sends the gases straight through a perforated pipe 
wrapped in metal or fibreglass. This type of muffler is designed for the purpose of 
reducing back pressure and, consequently, makes slightly more noise. 
Since a muffler cannot reduce the noise of the engine by itself, some exhaust 
systems also have a resonator. Resonators arc like little mufflers, and are usually 
the "straight through" type. They are added at the end of the exhaust system to take 
care of any noise that has made it through the muffler. 
The muffler quiets the noise of the exhaust by "muffling" the sound waves created 
by the opening and closing of the exhaust valves. When an exhaust valve opens, it 
discharges the burned gases at high pressures into the exhaust pipe, which is at low 
pressure. This type of action creates sound waves that travel through the flowing 
gas, moving much faster than the gas itself (up to 1400 m. p. h. ), this is what the 
muffler must silence. It generally does this by converting the sound wave energy 
into heat by passing the exhaust gas and its accompanying wave pattern, through 
perforated chambers of varied sizes. Passing into the perforations and reflectors 
within the chamber forces the sound waves to dissipate their energy. 
The Tailpipe 
The tailpipe is a long metal tube attached to the muffler. It sticks out from under 
the body of a car, at the rear, in order to discharge the exhaust gases from the 
muffler of the engine into the air outside the car. I 
Exhaust Pine Hanizers 
Hangers hold the exhaust system in place. They give the system flexibility and 
reduce the noise level. The hanger system consists of rubber rings, tubes and 
clamps. 
Catalysts 
The materials within a catalytic converter vary between cars. Catalytic converters 
are designed to do different things, depending on the design of the converter. Some 
catalytic converters use what is called an "oxidation" catalyst; this usually consists 
of ceramic beads coated with platinum to reduce hydrocarbons and carbon 
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monoxide. Through the catalytic action, the hydrocarbons and carbon monoxide are 
"burned" to create water vapour and carbon dioxide. This type of catalytic 
converter needs an input of oxygen, so oxygen is usually injected into the cylinder 
head, or directly into the exhaust header or manifold. 
Newer catalytic converters have a two part design. The front half is a "three-way" 
catalyst, which bums various pollutants, and reduces hydrocarbons, carbon 
monoxide, and oxides of nitrogen into water, carbon dioxide and nitrogen. These 
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converters require exact fuel air mixtures in order to maintain efficient exhaust 
reduction. The rear section of these converters is the normal oxidation catalyst that 
further reduces hydrocarbons and carbon monoxide. Air from the air pump is 
injected into the centre of these converters. Here the air is allowed to mix with the 
exhaust before it passes into the oxidation catalyst, where it bums off its toxic 
chemicals and reduces emissions. 
NOTE: In the case study it was not possible to include the catalyst as the 
technology involved was considered to be of high importance to the car 
manufacturer itself to disclose. 
Exhaust Pipe 
The exhaust pipe is the bent-up or convoluted pipes underneath the car. Some are 
shaped to go over the rear axie, allowing the rear axle to move up and down 
without bumping into the exhaust pipe; some are shaped to bend around under the 
floor of the car, connecting the catalytic converter with the muffler. Exhaust pipes 
are usually made out of stainless steel, since the high heat conditions involved with 
the muffler system will cause rust. 
6.3.2. Data Collection 
One of the most important factors to have a successful application of the FUCE 
framework is the data availability. In this case study, information was gathered 
using different sources of information, for example, commercial magazines, or 
internal information to the company. In table 6-1 a sample of the relevant data 
analysed is presented, it includes information like engine capacity, muffler volume, 
materials used, etc. it has to be stressed that the analysis did not take into 
consideration only the sponsor's products but also those of the competition. Thus 
data was acquired by examining components from tear-down exercises (figure 6- 
13). In this case, the researcher had the opportunity to have an interaction with the 
physical components and take measurements at first hand. 
This type of infonnation is needed in order to create the relationships between the 
functions and the physical attributes of the product (see section 6.2.8). 
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Figure 6-13: Exhaust system samples from Tear-Down activity 
6.3.3. Define Product Decomposition (PD) 
The first step was to identify the PD. This was done by analysing the same type 
physical part, looking at past estimates and by consultation between the experts. In 
this case the organisation had already developed a cost estimate for one of the 
exhaust systems. The objective was to try and create a "basic" cost estimate (a 
template), an estimate that could be manipulated later using the relationships that 
would be created. Figure 6-14 below, demonstrates the PD of a muffler system of a 
car. 
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Figure 6-14: Product Decomposition of a muffler system 
Based on all the above an estimate was created which is available in appendix D2. 
Figure 6-15 presents just a 'snapshot of that estimate. 
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Figure 6-15: Snapshot of muffler estimate 
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Due to the size and the complexity of the estimate, the author will present the case 
study with only a summary of the cost estimate. A much friendlier version is 
presented here to demonstrate the case study (figure 6-16). 
item cost (E) 
Pipes 
Front Muffler 
Rear Muffler 1 
Rear Muffler 2 --- 
E-Glass 
Assembly Costs --- 
Other Costs 
Total Cost --- 
Figure 6-16: Basic Cost Estimate 
As discussed, above but also in section 6.2.1, the estimate had to be generic. 
During the analysis of the data, it was observed that a small amount of products 
were designed with two rear mufflers and two exhausts. This was usually found in 
big cars or sports cars. Therefore the estimate used had to accommodate for the 
possibility of two mufflers and two tail pipes. It was decided by the team that a rule 
will need to be created to make the decision when to use two or one rear muffler 
6.3.4. Define Functional Decomposition 
The next step in the methodology was to identify the functions of the product under 
investigation. Functions are usually associated with verb-noun relationships (see 
literature review, section 2.3.2 and section 6.2.2); this provides a particular 
advantage in trying to explain to commercial people the reasoning behind the need 
of a product or component. For example, in the case of the exhaust system one of 
the primary functions of the car is to transfer gas to the rear of the vehicle. Another 
one is to control the noise. By associating functions and elements of the PD, a 
better explanation can be provided to the CE-C, so they can understand why certain 
elements of the product are there. The depth of analysis performed in order to 
examine and document the functions, depends on the accuracy you try to achieve, 
on the costing data available to you and the size/number of components of the sub- 
system under investigation. To perform the analysis of the car as a whole, it would 
be extremely difficult and time consuming. Figure 6-17 presents the functional 
decomposition of the exhaust. 
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Figure 6-17: Functional Decomposition of the exhaust S)s1cm 
On appendix DIa guide is presented to assist the experts to the development of' the 
FAST diagrain. 
6.3.5. Identify cost functions 
Figure 6-17 demonstrates the fl-inctional decomposil loll of' tile 11111ftler system. The 
cost fLilictions of the product are highlighted as recogniscd by the engineering 
people. To identify which functions to cost, the Functions that affect tile product 
cost significantly ire selected. At a Jýllcr stage, once the cost estimate has been 
created the CE-E can verify if indeed tile selections they made were tile correct 
once and if not make amendments. 
The functions identified in this case sludy ire the Following: 
1. Provide exit 
2. Control noise 
3. Provide Reliability 
4. Provide Decoration 
These functions were selectcd based on expert ILIdgCIIICI)I by IIJC commercial 
people as the most important and the ones that aff'ect the cost file most, it was Illell 
confirmed by the CE-E. 
ThroughOLIt the development of the case studies it was observed that Some grOLIPS 
of people had difficulty in identifying the ftinctions of' the product. I ýSLIIlly theSC 
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people were either of commercial background or engineers working on a project 
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Figure 6-18: Functional Decomposition of Muffler S) stem 
6.3.6. Define product attributes of functions 
Once cost functions were acknowledged, tile product parameters and the 
specifications that affect those functions were identified. For example, in the case 
of conli-ol noise and pi-ovide t-eliabiliýv functions, the engine size and the lifetime 
were identified as the specifications that affect those functions. The physical 












Figure 6-19: Product attributes 
202 improvement of Cost Estimating Internal Practice 
Function-Based Cost Estimating 
To identify these parameters, interviews with the engineers and commercial people 
were perfon-ned. It has to be noted that in many cases commercial estimators had a 
better understanding of these parameters and how they change compared to other 
engineering groups e. g. future product developments. The reason for that is that 
commercial people within cost estimating try to expand their knowledge and 
understanding across different engineering sub-systerns and get an overall view of 
the product. On the other hand the engineering groups are usually associated with a 
specific subsystem and are used to the type of solutions they already know. 
In summary, the specifications identified for each cost ftinction were: 
Pi-ovide E. vit 4 Car Size 
Control Noise 4 Engine Size 
Provide Reliabilit. i, Lifespan 
Pi-ovide Decoration Type of vehicle, No. of exhausts 
For example, the reason for specifying the engine size in tile control noise 
functions was identified by expert Judgement. The bigger the engine the niorc noise 
it will produce. 
Those specifications will form the Inputs to tile cost estimating model that will be 
built in the next stages. The users (CE-C', CE-F, engineers, etc. ) will be able to 
define their specification of the vehicle an(] will get as a result a cost estimate for 
the muffler systern that will satisfy tile spec, ficat lolls. 
Finally, the attributes for tile functions of the muffler system are prcSC111CLI in TabIc 
6-2. 
Table 6-2: Phv%ical attributes of ftinctions ofthe intiffler 
Function 
- _I"hk, 
s ical Altribuics 
Provide exil 
('01711-01 floise -Mutller VOILIIIIC 
-Pipe diameler 
Provide ReliabilitY -Material Properties 
-Material Thickness 
Provide Decoration -Material Properties 
-Design Fcatures 
6.3.7. Create relationships between functions and product 
parameters 
Afier thc "Put paranictcrs, the cost I'L11101011S 111d tljC pilySiCal Ittl-l'lllllCS ýkCI-C 
establislIC(l, thc llCxl stage was to crcatc a rclatlonshlp bcjwccl, tilcill. III tllc cýlsc 01' 
the conlrol noise, the decision was to satISI'V IIIC 1111101011, the cxlicrts (fid not want 
to rcclucc thC OLItPLIt of' (Iccibels as other parts of' Ilic car would make niore noisc 
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(tyres), and did not want to increase it as it would bridge the legislation 111rut. On 
the other hand provide, reliabiliýv could have different values (one year, two 
years... up to five years). In this case the author needed to identify how the values 
of the attributes associate with the function would change depending on the 
specifications. 
The relationships were either represented by mathernatical equations or by tables. 
They were created through eliciting the knowledge of the expert. A series of data 
analyse available either from the tear-down department or from the engineers 
(examples in table 6-1 and figure 6-14) were also performed in order to create the 
relationships. All the relationships in Excel can be found in appendix D3. Below a 
description of some of the relationships created per functions are presented: 
Provide Exit 
For this function a relationship was developed based in the examination of different 
size vehicles and the measured length of piping needed. 
Control Noise 
For this function a relationship was created, again from data collected, between 
engine size, pipe diameter, E-glass weight and muffler volume. For example, figure 
6-20 demonstrates the relationship between the engine size and the muffler volurne. 
Volume relationship y 8.7961 x-3.0311 












00511,5 2 25 3 
Engine Size 
Figure 6-20: Relationihip between engine size and muffler volume 
It has to be noted that the R ') value of 0.5306 is not very good. The primary reason 
for that was due to different philosophies of design from manufacturers. For 
example, one manufacturer would always design its cars with big front mufflers, as 
a result, the rear mufflers are always different than other manufacturers who 
traditionally prefer small front Mufflers and big rear ones. When the author plotted 
data only from the same manufacturers, the R2 reached up to 0.85. 
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in addition to the identification of the muffler volume a ratio had to be set between 
the volume of the front muffler and the rear one. The ratio used for this was 2 
(figure 6-2 1). A radius was also specified for the front a rear muffler (5 centimetres 
for the front, ten centimetres for the rear). 
rear muff rad I 
front muff rad 0.5 
reAlFRON RATIO 2 
Figure 6-21: Ratio between front and rear muffler 
A limit needed to be set also on the maximum volume a car had space below to fit 
its muffler. Figure 6-22, demonstrates, for example, that for a B-class car (medium 
size) the rear muffler limit is 12.5 litres and for the front 6.25. For all these 
relationships and rules, the expert judgement of the participants was utilised 
together with the data analysis performed from past products. 
CLASS 
A 
Muffier limft front Muffler limd 




40. OD 2D. 00 
Figure 6-22: Limits for front and Rear Mufflers 
Table 6-3 represents the relationships between the size of the engine, pipe diameter, 
E-glass material and muffler volume. 
Table 6-3: Relationship between multiple variables 
ENGINE SIZE Pipe Dia. 
E-Glass Muffler 
Vol. 
0.8 38 194-94 11.36 
1 42 194.52 12.52 
1.2 42 225.32 13.98 
1.3 42 252.44 14.82 
1.4 42 287.35 15.74 
1.5 42 330.08 16.74 
1.6 42 380.60 17.81 
1.8 50 505.08 20.18 
2 50 660.78 22.86 
2.2 50 847.70 25.84 
2.5 54 1186.64 30.88 
31 54 1 1907.64 1 40.81 
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Provide Reliabili 
For this function the relationship was created between different material's 
properties and thicknesses. Table 6-4 represents the relationships between service 
life of the component and the material properties and thickness. 
A full list of the tables created for this case study, together with the cost 
estimate can be found on Appendix D4 
Table 6-4: Table created by eliciting expert knowledge 
Service Life Material Thickness 
1 year Mild Steel 1.5 
2-3 Years Al. M. Steel 1.5 
4 Years Med. Grd. Steel 1.2 
15 Years I S/S 1 1 
Provide Decoration 
This was an aesthetic function and was dictated by the material selection and the 
design features, in this case that meant different number of exhausts on the back of 
the car. 
It is very important to note that these relationships were created in conjunction with 
the experts. This allowed the establishment of the relationships and the rules not 
only on the data available but also on the knowledge of the experts. For example, 
when specifying the number of rear muffler boxes, there was no data available 
from current cars on which to base judgement. The engineers within the company 
provided the rules and the rationale for that. Judgements were made for different 
volume limits for all the different classes of cars, in order to dictate the number of 
mufflers needed for the vehicle. 
Finally, the interface for the user, where the specifications of the product will be 
changed was produced (figure 6-23). Once these inputs were established by the 
experts and the validation was under way to establish the agreement of all parties, 
an observation was made by the CE-C. They wanted the ability to incorporate some 
extra functionality to the model with regards to the commercial aspect. Those 
inputs were the "country of origin" and the "timeframe" when the product will be 
manufactured. Both of these were added in the input interface and relationships 
were created, for example the timeframe was related to yearly inflation as 
represented in figure 6-24. Similar relationship was created for the labour rates of 
the different production countries. By changing the country of origin the cost of 
labour will change. 
Manufacturing costs were assumed the same for the case study although the experts 
agreed that modifications will need to be included in the future to accommodate for 
different manufacturing costs. 
The Full list of options the user is able to specify is: 
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" how big or small is the car (based on the classification system of the 
automotive industry); 
" The size of the engine the car will have 
" The desired life expectancy of the system 
" The type of vehicle that is under production 
" The number of exhaust on the vehicle 
" The country were the manufacturing will occur, and finally; 
" How far in the future the product will be produced. 
FUCE Model for an Exhaust S 
PROVIDE EXIT -A 
-B 
Specify Class -C 
-C/D 08 (1tr) 
-D jr 
Specify Engine Size 
PROVIDE DURABILITY 
-1 year 






























Figure 6-23: The a% ailable Il ( 4,1 liptits fol, tile exilatj%t Illo(jel 
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Tirneframe Inflation Cum. Inflation 
4y 0.06 126 
5y 0.05 1.33 
Figure 6-24: Time frame and inflation relationship 
ly 0.05 1.05 
2y 0.06 1.11 
3y 0.07 1.19 
4y 0.06 1-26 
5y 0.05 1.33 
Assumptions 
During the development of the relationships, the group agreed that a number of 
parameters had to be kept constant. All manufacturing costs were kept the same, 
for example, the manufacturing processes demonstrated earlier in figure 6-7 in the 
pipe example like inspection, finishing, etc. were assumed to be the same for any 
type of pipe cost estimate that was produced. It did not matter if the pipe was 
longer or shorter, the inspection and finishing processes would almost be identical. 
Also the number of hanger needed to keep the muffler system attached to the car, 
the cost of the flanges need to connect pipes, etc., was kept the same for simplicity 
purposes. 
6.3.8. Apply relationships to cost estimate 
The relationships created between specifications, functions and physical attributes 
were applied to the cost estimate that was created with the assistance of the PD. 
Below in figure 6-25 an overview of the estimate template can be observed where 
the elements highlighted in red and purple take different values depending on the 
inputs the user chooses (for full read out please refer to the Excel spreadsheet 
model, appendix 134). 
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: Omni 
P igure 6-25: Cost estimating template 
The author presents in the following pages an example in order for the reader to 
understand how the relationships work with the estimate. 
In figure 6-26 the user chooses the specifications of the vehicle. He wants to 
construct a small size car (B-class), with a 1.4 11tre engine, with a durability of 
5years. The vehicle is a family car, with one exhaust; build in the UK in the next 
year. 
We will follow the model as it applies the relationships only to a single small part 
of the product and therefore the estimate. The component that we are going to 
analyse is the intermediate pipe. The small part of the estimate that is associated 
with this component and for the specifications we specified is shown in figure 6- 
27. 
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Intermicliate Pipe 
Part Number; 3? BI5-5K254-C. 
INSPECTION 
END FINISHING MACHINE 
END SIZE (Both Endv) 
CUTTING MACHINE 
AUTO TUBE BENDER (T Ben< 
CUT AND FINISHING MACHIP 
Please Specify Class 
, coustry of origim 



















As can be seen the model has attributed the value of 1.95metres for the material 
usage and 1.59f/metre for the material rate. Also the Labour cost is f 0.29/min for a 
skilled worker (AB) and E0.24 for a semi-skilled worker (AA). In the next couple 
paragraphs the author will try and identify where these values came from. 
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First the material usage will be identified. Figure 6-28 demonstrates the table that 
was created that represents values for different classes of cars and pipe lengths for 
inlet, intermediate and tail pipes. 
CLASS Inlet Inter Tail 
A 0.30 0.15 




C/D 0.25 1.85 0.20 
D 0-25 2.05 
Figure 6-28: Class of vehicle and pipe lengths table 
By following the table, the model identifies that it needs to substitute the value of 
1.95 for the material usage. 
Another set of specifications set was that of the engine size ( 1.4 litres). The table in 
figure 6-29 is used by the model to identify the pipe diameter used. 





1.2 4 249.3 
1.3 4 291.2 
1.4 (g) 333.0 
1.5 42 374.9 
1.6 42 416.8 
1.8 50 500.5 
2.1 50 626.1 
2.2 50 668.0 
2.5 54 793.6 
3 54 1003.0 





Figure 6-29: Table vs. pipe diameter vs. e-glass vs. muffler volume 
Also from the table in figure 6-30, the model can identify the material thickness. 
As was specified the product needs to last for 5 years, the experts had identified 
that in this case the material needs to be stainless steel of I mm thickness. 
SERVICE LIFE MATERIAL TYPE MAT. THICKNES 
I year Mild Steel 1 
2-3 Years Al. M. Steel 1 
4 Years M. Grd. Steel 1 
5 Years & rb ON 
Figure 6-30: Tablc of Service Life, material type and thickness 
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Now that the diameter and the thickness are available the model can substitute from 
the table in figure 6-31 the correct rate per metre. Because the model was created in 
Excel description had to be made with numbers, for example, the first column in 
figure 6-3 1 represents the different types of pipes. 39.5 is the pipe that has 
thickness 1.5mm and diameter 38mm, therefore 38+1.5=39.5. Similarly 39 is the 
pipe that has thickness Imm and diameter 38mm (38+1=39). For our example we 
derived so far that the pipe diameter is 42mm and the thickness Imm. From the 
table below therefore the value is 43. As we also specified that the material is 
stainless steel (S/S), the rate that will be used will be 1.59f/metre. 
0.89 0. ý34 0ý 356 1.8 
39.2 0.72 0.432 0.288 1.4 
39 0.72 0.432 0.288 1.4 
43.5 0.99 0.594 0.396 
43.2 n. 7nr n. A; 7 0 . 140 I. E 
43 0.795 0.477 0.319 
51.5 1.185 0.711 0.474 2.37 
51.2 0.955 0,573 0.382 1.91 
51 0.795 0.477 0.31a 1.59 
55.5 1.28 0.768 0.512 2.56 
55.2 1.03 0.618 0.412 2.06 
55 C 0.865 0.519 0.346 1.73 







The inputs specified that the product would be constructed in the UK. Figure 6-32 
below specifies the different rates used for different labour categories and 
countries. In our example those numbers would be 0.24f/min. and 0.29f/min. 
0 
LOCATION AA AB AC AS 
0 
China 700.11 0.12 
India 0 5! 0. D9 0.10 
UK 
-AQ. 
W 0.33 0.34 
Mexico 0.08 0.11 0.13 0.14 
Figure 6-32: Table of Labour Rates 
Finally the model would be specified to be constructed in a year's time. The table 
in figure 6-33 provided the inflation rate that needs to be applied in order to 
estimate the cost. 
Timefrarne Inflation Cum. 
- 
Inflation 
ly 0.05 '11.05 
2y 0.06 1 
3y 0.07 19 
4y 0.06 1.26 
5y 0.05 1.33 
Figure 6-33: Table of Timeframe vs. Inflation rates 
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ly 0.05 1D 
2y 0.06 1 
3y 0.07 19 
4y 0.06 1.26 
5y 0.05 1.33 
Figure 6-33: Table of Timeframe vs. Inflation rates 
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It needs to be stressed that the labour costs for the different countries and the 
inflation rates were based on expert judgement for the development of tile case 
study. The experts agreed that for the adoption of the model by their company, a 
valid source of information would need to be selected. 
Similarly to the example demonstrated for the intermediate pipe, other relationships 
exist that will accommodate for the mufflers the tailpipe, etc. in the model. Because 
it is not possible to present the results of the full estimates created due to tile size of 
them in the thesis, a summary of the estimate is provided below with the answers to 
the case study questions. In the introduction of this case study a list of different 
request were made. Below the questions are provided, followed by an answer. All 
the estimates are produced using the model created for this case study 
Question a: "How much will the exhaust system cost in a small car (class A) with a 
small engine/1.0 litre? " 
INPUT 
Specify Class A 
Specify Engine Size 1.0 
Durability 2-3 years 
Type of Vehicle family 
No. of Exhaust 1 




Item Cost (E) 
Pipes 2.3 
Front Muffler 5.5 
Rear Muffler 1 8.4 
Rear Muffler 2 
E-Glass 0.82 
Assembly Costs 5.8 
Other Costs 10.88 
Total Piece Cost 33.7 
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Question b: "How much will the exhaust system cost in a small car with a large 
engine/2.0 litre? " 
IN PUT 
Specify Class A 
Specify Engine Size 2.0 
Durability 2-3 years 
-Type 
of Vehicle family 
No. of Exhaust 1 




Item Cost (E) 
Pipes 2.9 
Front Muffler 5.6 
Rear Muffler 1 9.1 
Rear Muffler 2 9.1 
E-Glass 1.4 
Assembly Costs 7.3 
Other Costs 9.9 
Total Piece Cost 45.3 
Question c: "How much will the exhaust system cost if we try to improve the life 
of the component from 2 to 5 years? " 
INPUT 
Specify Class A 
Specify Engine Size 1.0 
Durability 5 years 
Type of Vehicle family 
No. of Exhaust 1 
Country of Origin UK 
Timeframe I 
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Answer: 
OUTPUT SUMMARY 
Item Cost (E) 
Pipes 4.5 
Front Muffler 8.4 
Rear Muffler 1 15.6 
Rear Muffler 2 15.6 
E-Glass 1.4 
Assembly Costs 7.8 
Other Costs 9.45 
Total Piece Cost 62.75 
Question d: How much will the exhaust system cost if we fit in a large executive 




Specify Class D 
Specify Engine Size 1.6 
Durability 2-3 years 
Type of Vehicle luxury 
No. of Exhaust 2 
Country of Origin UK 
Timeframe 1 
OUTPUT SUMMARY 
Item Cost (E) 
Pipes -- , I 
Front Muffler 
Rear Muffler 1 9.5 
Rear Muffler 2 
E-Glass 
Assembly Costs 5.7 
Other Costs II 
Total Piece Cost 37.3 
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6.3.9. Validation of Results 
As mentioned earlier in the chapter (section 6.3), the author organised a workshop 
to validate and get the comments of the experts with regards to the usefulness of 
the FUCE framework and the model created. Except the experts that participated in 
the development of the case study, two more cost estimators, one CE-E (with 5 
years of experience) and one CE-C (with 2 years of experience) were invited to 
participate in a presentation of the methodology and to use the final model created. 
The model was also validated with another automotive organisation. Two other 
cost estimators, one CE-C (7 years experience) and one CE-E (8 years experience) 
reviewed the model and agreed that although it did not provide very accurate 
results, as an indication for the cost was very good. 
The areas of interest that the author asked the participants to comment on are 
presented below. Characteristic comments from the participants are presented, as 
captured by the author during the meeting, as qualitative evidence: 
Performance 
"I think that the methodology is straightforward to use. The only dijfIculty is when 
we try to create the relationships. The data neededfor this is not always available 
at once. Yhat means we have to have many meetings to arrive at the end" 
"To get the data was not as dijfIcult as it was time consuming. We do not know 
currently who has the information'we need. I believe that ifwe decide to move this 
(approach)forward we will have to organise a system to save the data we need" 
Accurac 
"I think the outputs ofa model are as good as its inputs. The model was developed 
to provide cost estimatesfor the conceptual stage. I think the accuracy achievedfor 
that is satisfactory" 
Ease to Use 
"The methodology was quite straightforward, the only dijficultyfor me was to try 
and think of the product in terms of thefunctions itfuYUs. The engineers that took 
part helped me to identify what I wanted to say in terms offunctions " 
Relevance 
"I don't think that is something we could use every day, as indeed we don't need 
to. But when we need to look at concepts or what-ifscenarios, then definitely " 
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Completeness 
"The detail achieved was good. We had to keep certain parameters in the model 
constant otherwise the model would be very complicated. For what we need it, its 
very good " 
Inteuation with business 
"I don't think that it will be difficult to implement this approach. It is quite straight 
forward. First we have to develop (FUCE) models for the commodities that are 
more difficult to calculate (cost) estimates. Then we need to connect with our other 
(database) systems in order to retrieve new rates automatically for the stored 
estimate (referring to the possibility of providing an automatic approach to 
updating the cost rates used in the model infuture time) " 
Transferabili1y 
"For hardware products I think weproved that it works. lam not sure though that 
it would workfor electronics " 
Interaction of CE-C and CE-E 
"Byfollowing theframework and creating the exhaust muffler model, we have 
created in effect a translator in place between commercial (CE-C) and engineering 
(CE-E). By that I mean we have a system that manages to use a small amount of 
input information to provide a detailed estimate. CE- C can respond to requests by 
receiving a very small amount ofinformation indeed Now we can provide them an 
estimatefor the muffler within a couple ofminutes. Before it would take at least a 
couple ofdays as we had to go andfind some more information about their 
request " 
"I believe the great benefit of FUCE is not only the resultant model of the 
commodity that we analyse but the methodology and the way both groups (CE-C 
and CE-E) interact in order to develop that model. I cannot think ofa circumstance 
that Ispendso, much time together with commercial peoplel " 
Qualitative analysis of the validation results resulted in few changes in the 
framework and in the specific case study. The changes and a summary of the 
validation results are presented below 
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Commercial chanaes 
One of the immediate, changes to the model as was mentioned earlier was the 
incorporation of the Commercial inputs on the model, country of origin and 
timeframe. This enabled the CE-C to make better decision on the conceptual design 
stage and get immediate feedback on the cost implications depending on their 
choices. 
Rates 
Another point raised by the participants in the study was that some of the rates used 
were not current or realistic. The author had to create his own rates initially 
wherever a rate was not available. For example all the rates used for labour in 
countries like India and China is fictional. Nonetheless the impact on the overall 
estimate is realistic as it will reduce the labour cost compare to a European country 
like the UK. 
Obiective approach I CE-E were very satisfied with the conditions the model was taking under 
consideration for the creation of the cost estimate. One observation made by an 
engineer was that the model was creating an objective description of the product 
without taking into consideration personal preferences. Indeed in some cases the 
cost estimate produced by the model, had a value lower than the current solution 
implied by the organisation. Once asked why such a solution was implemented 
rather than the more cost effective one presented by the model, the answer was that 
historically the organisation was satisfying the functionality of the component with 
a certain philosophy of design. After the case study the organisation decided to 
look into the practices followed for their commodity and see where appropriate 
changes needed to be made. 
All the participants in the validation said that an advantage of the model was that 
whenever there was a need for somebody to understand how the estimate was 
created, the assumptions made were documented within the model in terms of the 
tables and relationships created. Furthermore because they all participate in the 
development of the model a very good understanding of the product had been 
achieved by both CE-C and CE-E. 
CE-C View 
CE-C were happy with the creation of the model. Creating the model with CE-E 
allowed them to understand the reasoning and the assumptions behind the creation 
of the product and the cost estimate. They commented that once the Excel model 
was created they could use it autonomously in order to retrieve information. 
Furthermore, because all the details ofactual rates used could be coded and be 
hidden from the user, the tool could be used outside the organisation in 
negotiations with suppliers. 
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CE-E View 
CE-E had the ability to create their estimates together with the CE-E and in 
'accordance with the standard processes they use, i. e. bottom up estimating. Once 
the model was created, they could provide answers to CE-C in a matter of minutes. 
This process before the model would otherwise take a couple of days. 
Final Observations 
" All the experts agreed that the framework is applicable to other mechanical 
parts of the vehicle; 
" The cost estimate that was produced is company specific but the framework 
is generic with automotive industries; 
" The framework once implemented will improve interaction between CE-C 
and CE-E and thus improve the internal practice of CE. 
Finally, the automotive organisation of this case study decided to make 
improvements to the model by applying ftirther expertise from its organisation, 
which was not available to the author and apply the framework to other 
commodities. 
6.4. Summary 
This chapter addresses the issue of interaction between commercial and 
engineering disciplines within cost estimating at the conceptual design stage. it 
introduced the concept of 'Function-based cost estimating' (FUCE) as a linkage 
between commercial and engineering activities. 
A methodology was presented that will allow cost estimators to base their estimates 
on the functional characteristics of their product. An example was presented based 
on the automotive industry. The model proved that it is possible to create estimates 
based on the specifications of the car and the functions of the product under 
investigation, thus integrating commercial and engineering knowledge within cost 
estimating. The author believes that this approach will help to improve 
communication between the disciplines involved in costing and assist estimators at 
conceptual design stage. 
In the following chapter two more case studies are presented, one from automotive 
and one from aerospace industry. The methodology was introduced and followed 
by CE within their own environment and observations were made that will be 
analysed in the discussion of the thesis. 
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Further Case Studies 
In chapter 4 the author identificd the 
need for a framework that will improve 
the communication between CE-C and 
E In cost estimating at the 
conceptual design stage. His approach 
included developing a data 
Infrastructure for cost estimating 
(chapter 5) and the functIon-bascd cost 
cstimating methodology (chapter 6). 
Within this final stage of the research 
the author applies the framework in 
two other case studies, with significant 
differences between each other and 
compares thern to the first case study 
developed in chapter 6. With this view 
in mind, the aim of this chapter is: 
Chapter Aim: 
To demonstrate that the franiework can be applied to more that one case and to 
investigate its gencrality. 
The first case study was developed with another aUtOIIIOtIVC Con1pany. The 
objective was to prove the generality of the model, so that it can be applied to 
mechanical parts in industries (of high volume, low cost products) that use (Mailed 
bottom up estimating. 
The second case study was developed with the collaboration of' In aerospace 
manufacturer. The objective was to investigate how the lJJCF franiework will 
behave in an industry (of low volume, high cost products) were the cost estimating 
practices and cost estimating techniques are difilcrent than the rest ol' the ma. ss 
production hardware industries. 
Both studies have their own unique points; one product is I relatively small 
autornotive part with quite big standard'sation among its parts. Tlic ollier is an 
aerospace product that is much more complicated to manufacture, and the cost 
estimating techniques and data assoclated to it are difTcrent than automotive. 
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Section 7.1 deals with the first case study, the FUCE methodology is followed and 
the model is created with noticeable changes compared to the earlier study, the 
main reason being the standardisation of the parts of the commodity under 
consideration. In section 7.2 the second case is introduced which will investigate 
the use of FUCE to another industry. The study demonstrates that although the 
techniques followed by aerospace manufacturers are different, the FUCE concept is 
widely accepted by experts from all industries. In section 7.3 the chapter summary 
and key observation are presented, before discussing the implication of the case 
studies and the entire thesis in chapter 8. 
7.1. Case study 1-Sideshaft 
For this case study the sideshafts of the car were chosen. The case study was 
developed with the assistance of a big car manufacturer, specialising in luxury 
vehicles. For the purpose of the case study, two experts were involved, one CE-E 
with six years of experience, and one CE-C with thirteen years of experience. 
The first task for the case study was to familiarise the researcher with the 
commodity under investigation. The CE-E responsible for that commodity was 
interviewed and provided background information to the researcher. The case study 
was completed over a period of three months. The reason for the long period was 
the difficulty in acquiring the requested information (description of commodity and 
historical cost estimates) and managing to conduct the meetings with the 
participation of both parties due to their work commitments. Once the major data 
collection was performed the author continued developing the model with the 
expert for the specific commodity. A supplier of the commodity and an engineer 
from the product development team of the automotive company-with considerable 
experience of over 10 years each-were consulted for refining the model. After the 
completion, the model was presented to the group of experts for validation and 
suggestions. As in the case study in the previous chapter, the author asked the 
participants to comment on the following matters: performance, accuracy, easy to 
use, relevance, completeness, ease of adoption, transferability and integration of 
CE-E and CE-C. 
Scenarios 
The typical scenario tried to address in this case again relates to the internal 
interaction of CE-C and CE-E. At the development stage of a car, CE-C will 
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require a cost target for the sideshaft component and they will ask a CE-E to 
provide an estimate based on different vehicle specifications. The types of 
questions they will have to answer, for example, are "How much will the sideshafts 
cost for a ... : 
... medium, 
front-wheel drive (FWD) car" 
... large 
luxury, rear-wheel (RWD) car? " 
... sports utility vehicle 
(SUV) with all wheel drive (AWD)? " 
Again, like in the previous chapter, the CE-E can produce an estimate when they 
have a design or the physical part, but when the available information is so vague 
this is a problem. It is very likely that if you get a CE-E with 20 years of experience 
to produce an estimate, he will provide a cost very different from an estimator with 
5 years of experience. The main reason for that will be the different assumptions 
made during the creation of the estimate. 
Similarly, CE-C will have a problem as we referred in the previous chapter. 
Commercial people do not understand how the specifications affect the product 
under investigation and why the costs change. The objective of this study will be to 
develop a cost estimating model that will have to provide answers to questions i, ii, 
and iii. Before the methodology is followed, a description is provided for the 
sideshafts. 
Sideshaft 
A sideshaft is found in every automotive vehicle. It usually comprises of two 
universal joints and an interconnecting shaft. As mentioned in previous chapters, in 
cases like these the CE-E are not able to provide a cost estimate at conceptual 
design stage because the information available to them is very abstract. Any 
attempt to provide an estimate is based on the assumptions and rationale of an 
individual cost estimator. The information available at this stage comprises of 
functions and requirements the vehicle needs to perform. The FUCE framework 
will try and associate these requirements with the cost model. In the next sections a 
brief description of the product under consideration will be presented. 
Universal Joint 
A Universal Joint is an apparatus for transmitting torque between two shafts which 
lie at an angle to one another, as shown schematically in figure 7-1. 
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Universal Joint 
Figure 7-1: The Universal Joint 
t Shaft 
There are many applications for such a mechanism, but probably the most common 
is found in the automotive industry as a means of transmitting drive. This is 
illustrated in figure 7-2 which shows a four wheel drive vehicle. The front 
sideshafts are shown in yellow, each having two universal joints, one by the front 
differential and one by the wheel. These accommodate the various angles through 
which the drive must pass as the wheels turn to steer the vehicle and as the wheels 
move up and down on the suspension. A propshaft, shown in green, transmits drive 
to the rear differential and has a number of universal joints which accommodate the 
movements of the differential as it rises and falls on its suspension. Finally, the rear 
sideshafts, shown in red, transmit drive to the rear wheels and each has two 
universal joints, again, to accommodate suspension movement. 
Plunging Universal Joint 
A 'plunging' or 'axially free' universal joint is capable of transmitting drive 
through two shafts inclined at an angle to one another and simultaneously allowing 
axial movement along one of the shaft axes. This is illustrated in figure 7-3. 
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Figure 7-3: Axially Free Universal Joint 
G. I. Joint 
The 'G. U or 'Glaenzer Int&rieur' joint was developed by the French company, 
Glaenzer Spicer, as an axially free inboard constant velocity joint for front wheel 
drive vehicles. Originally, it was used in conjunction with the 'G. E. ' or 'Glaenzer 
Ext&rieur' joint, an axially fixed constant velocity joint, as illustrated in figure 7-4. 
Both the GI and the G. E. joints use rollers rather than balls to transmit the drive. 
The G. I. joint is a 'tripod joint', having three 'feet' or 'pods', and is 
illustrated in figure 7-5,7-6, and 7-7. The torque is transmitted from the outer race 
to the connecting shaft by means of rollers running on needle rollers around the 
trunnions of the tripod spider. The roller tracks of the outer race enable the tripod 
assembly to move angularly and axially within the joint. 
Outboard Inboard Outboard 
C. -F Cl I 
Figure 7-4: G. E. /G. I. Sideshafts 
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Figure 7-6: Exploded View of the G. 1 
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7.1.1. Standardisation of Parts 
An interesting observation during the data collection process was the 
standardisation of this particular part as a result of mass production. In conjunction 
with the specialised suppliers that can provide it, there was no big choice of options 
with regards to designs. Indeed as described earlier in the chapter there is a finite 
number of different joint that can be used. Appendix El demonstrates the different 
joints available from one supplier. The diagram presents the two different types 
available for the outboard joint (0/13) and the four types for the inboard joints (I/B). 
Each type ofjoint is characterised by the amount of torque that it can withstand and 
by the number of degrees through which it can operate. Due to the limited number 
of solutions then, it was possible to create an estimate for the entire range of joints. 
If the FUCE framework can relate to the solutions presented in this sheet, then the 
construction of the cost estimate will become simpler. 
7.2. Applying the FUCE Methodology 
7.2.1. Define Product Decomposition 
Figure 7-8 describes the PD of the sideshaft. It was completed with assistance from 
CE-E and previous cost estimates created. Since one of the main reasons for 
performing the decomposition is to create the estimate, if estimates for the same 
commodity are available, the task of compiling the study becomes easier. In this 
case-study estimates were available; indeed this was one of the reasons that the 
specific commodity was selected. The PD forms the basis for creating the detailed 
cost estimating model. A detailed estimate for the sideshaft can be found in 
Appendix E2. 
Although the PD could have been developed in greater detail, it was agreed by all 
the participants that this high level approach was much more efficient for the 
purpose. 
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Figure 7-8: PD of sideshaft 
A snapshot of the detailed estimate can be found on the next page (figure7-9) 
where the cost estimate of the 'outboard joint forging' and 'outboard joint 
machining' is presented. 
As mentioned earlier in the chapter, due to the big standardisation of the specific 
commodity, there were a finite number of solutions that could be used in a car. As 
a result the amount of different cost estimates was restricted to the different types 
of joint available (ACi, UF, UFi, AAP, etc., see appendix El). For example, 
different cost estimates needed to be created for the elements in figure 7-9. On the 
other hand other parts were kept the same during all the estimates like the 
connecting shaft (figure 7-10). 
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Due to the complexity of the estimate, a simpler version is used to dernonstrate the 
case study (figure 7-11 ). 






Figure 7-11: Summary of Sideshaft Estimate 
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Figure 7-9: Snapshot of outboard (O/B). Joint 
Figure 7-10: Snapshot estimate of connecting shaft 
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7.2.2. Define Functional Decomposition 
The next step in the methodology was to define the FD. By applying the FAST 
technique, the diagram in figure 7-12 was developed. The entire team participated 
in the FD. The main function of the driveshaft is to transmit the torque from the 
engine, a description of the driveshaft was provided earlier in section 7.1. 
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Figure 7-12: Functional Decomposition of sideshaft 
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7.2.3. Identify Cost Functions 
The team needed to select the functions that were going to be used for the later 
stages of the FUCE framework. The importance of the functions and the associated 
cost related to that function, as the experts could predict through their experience 
played a major part. The functions identified were: 
1. Transmit Torque 
2. Allow Angular Displacement 
3. Allow Axial Displacement 
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The rest of the functions, for example, resist corrosion, improve performance 
efficiency, etc. were considered to be necessary regardless of the product solution 
achieved in the end, and therefore needed to be included in the cost estimate as a 
constant value. This meant for, for example, in the cases of the resist corrosion 
function that all the costs necessary to achieve it will have a constant value based 
on the materials and processes necessary. For example, in this case to protect the 
shaft against corrosion the component needed to be painted. The cost of the paint 
itself and that of the process were added to the estimating model under construction 
with a constant value. 
7.2.4. Define Product Parameters of Functions 
The next stage of the FUCE methodology was to identify two things: 
" The specification of the vehicle that affects the cost functions; 
" And the product parameters that rclate to the cost function 
For example, the 'transmit torque' function (figure 7-13) is affected by the power 
of the engine in the specifications. Similarly the 'accommodate displacement 
functions is affected by the type of vehicle (family, SUV, etc. ) and the type of 
Drive (rear-wheel, all-wheel) in the'specifications. 
Engine Outer Race 
Power 
Type of Joint Type 
vehicle 
Figure 7-13: Function Relationships 
To identify those parameters, the help of the product development engineer was the 
most significant as he possessed the best understanding. The engineer knew very 
well how these functions are affected and what were the parameters involved. To 
transmit torque the joint size (outer race diameter) was the single most important 
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attribute (figure 7-14). The other elements associated with the joint like bearings, 
needle rollers, etc. was considered to be similar to be included in the model. Instead 
they were included as a constant cost element in the estimate. 
The angular and axial displacements were grouped under a single accommodate 
displacements function. The joint type was the physical attribute that affected the 
function. As described earlier in the first sections of this chapter, there are different 
types ofjoints that can accommodate larger displacements than others. 
Needle Roller 
Figure 7-14: Joint Diagram 
In summary, the specifications identified for each cost function were: 
Transmit Torque 4 Engine Torque 
->Gearbox Split Ratios 
Accommodate Displacement -)Drive System 
->Car Type 
These specifications would form the input to the Excel model that would be 
created. 
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7.2.5. Create relationships between functions and product 
parameters 
From Figure 7-13 the physical parameters that were identified were the. joint type 
and the outer race. 
Joint Type 
Table 7-1 represents the relationships between the Joint Type attribute and the 
parameters associated with it that was created with the experts. By selecting a ýype 
qf vehicle (normal car/sport utility vehicle SUV) and the c1rive s, vytem (Forward 
wheel drive (FWD), rear wheel drive (RWD), all-wheel drive (AWD)) the joint 
type can be specified. (Please note that the types of joints AC, G 1, etc. are related to 
the tables in appendix E I). 
For example if there was a request for an AWD, SUV car, the selections are 
presented in table 7-2 in the greyed areas. 
Table 7-1: Relational table representing all possible solutions for joint type 
FWD RWD AWD 
Normal SUV Normal / SUV Front Rear 










I/B Normal SUV GI Normal SUV 
GI(j) AAR(j) GI AAR 
Table 7-2: Selection for an all-wheel drive, SUV car 
FWD RWD AWD 









I/B Normal SUV GI Normal SUV 
Gl(j) AAR(j) Gi AAR DOi 
The front outboard joint would be a UF and the rear an AC. The inboard joint 
would be in the front an AAR type and in the rear a DO type (see appendix EI for 
specifications). 
234 improvement of Cost Estimating Internal Practice 
Further Case Studies 
For example, in table 7-3 the user will need to select one of the UF joints. In order 
to be able to specify which one, the outer race diameter will need to be specified 
which is explained in the next paragraph. 
Table 7-3: Selection of UF joint form list of joints 
FIXED BALL JOITN TYPE UF 




UF 1750 79 1750 
UF 2500 88 2500 
UF 3400 99 3400 
Outer Race 
In order to be able to select the size of joint, a relationship was created. Tills was 
developed by the experts based on a mathematical equation: 
Maximum Engine Torque x Split Ratio x F=Joint Size (7.1) 
Where: 
" Maximurn Engine Torque represents the torque produced by the engine; 
" Split Ratio= (I" Gear ratio x Final Gear Ratio)/2. Split Ratios are easily 
acquired within an automotive manufacturer for dIftCrcnt cars, Thc experts 
agreed that for an SUV is 0.7 and for a Normal car 0.4 
" F= I if gearbox is automatic 
" F= 2 if gearbox is manual. 
" Joint Size is relates to the tables in appendix EI 
Value F in the case study was assumed as a constant. The experts agreed that for 
this case study an assumption needed to be made that all the cars would be ni, 11111al. 
When the model is implernented in the company, values Cor both manL1,11 and 
automatic cars will need to be assigned. 
So in this case if the selection for the SUV, AWD example had in engine that 
produced a torque of 150Nrn then cquation (7.1) Would be equal 
15oxO. 7x2=21ONm. Therefore a selection Would be made from tile table in tabic 7- 
4. of course any selection of a bigger joint would also be able to be used, but for 
cost reasons the assumption is madc that the selection needs to be tile cheapest one 
that satisfies the requirements. 
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Table 7-4: Selection of UF joint 
FIXED BALL JOINT TYPE UF 




UF 1750 78 1750 
UF 2500 88 2500 
98 3 4ý07] 
7.2.6. Apply relationships to cost estimates. 
In the previous section, the identification of the joint was made and was the 
UF2500. The Excel model created will substitute the cost of the UF in the overall 
estimate of the commodity. As a result the estimate will reflect the costs for the 
selection of specification made earlier, in this case the SUV, all-wheel drive car. 
In section 7.2.4 the inputs of the model and the functions were identified. In section 
7.2.5 the relationships were presented and an example of how they are 
implemented was provided. According to the introduction of this case study then 
inputs specified for the model are presented in figure 7-15. 
After the analysis of the cost functions, the Torque was identified as an input to the 
model; therefore all the questions identified earlier had to be rephrased to include 








Type of Drive -FWD 
-RWD 
-AWD 
Figure 7-15: The available FUCE Inputs for the sideshaft model 
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The types of questions expert need to answer are, for example, "How much will the 
sideshafts cost for a... : 
i).... medium, front-wheel drive (FWD) car, with a 150Nm torque'? " 
INPUT 
Specify Torque 150 
Type of Car Normal 
Type of Drive FWD 
Case i 
Item Cost (E) 
Connecting Shaft 2.8 
I/B Joint 11.2 
O/B Joint 10.2 
Assembly Costs 7.5 
Total Cost 31.7 
ii).... large luxury, rear-wheel (RWD) car with 240Nm torque'? " 
INPUT 
Specify Torque 240 
Type of Car LuxufY-- 
Type of Drive RWD 
Case ii 
Item Cost (E) 
Connecting Shaft 8 
I/B Joint 11.2 
O/B Joint 12.7 
Assembly Costs 7.5 
Total Cost _ 34.2 
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iii) 
... sports utility vehicle (SUV) with all wheel drive (AWD) and 31ONm 
torque? " 
INPUT 
Specify Torque 310 
Type of Car suv 
Type of Drive AWD 
Case iii 
Item Cost (E) 
Connecting Shaft 2.8 
I/B Joint 13.2 
O/B Joint 14.75 
Assembly Costs 7.5 
Total Cost 38.25 
By using the relationships defined earlier, the author can arrive at a solution with 
regards to the joint selection. By replacing the cost estimates of each joint to the 
estimate created in appendix E2, the estimators can predict at conceptual design 
stage the cost of the sideshaft. Other typical scenarios that might be requested are: 
"How much will it cost to transmit torque from a 4x4 vehicle with an 
engine producing 450Nm torque? " 
"Is there going to be an increase in the cost of the sideshafts if a bigger 
engine is introduced? " 
"Could we reduce the cost of the sideshafts if the engine size is reduced? " 
We plan to build a two-wheel, front drive vehicle that needs to 
accommodate for high displacements, how much will the sideshaft cost? " 
7.2.7. Validation 
As mentioned earlier, each step of the methodology was validated by all the 
experts. The model was presented to the experts, CE-C created different scenarios 
and CE-E validated the relationships and the cost estimate used. There was one 
change from the initial request we received. As the model was developed, it was 
apparent that there was a need to specify the torque of the engine, as indeed we 
applied in the model. It was later agreed between CE-C and CE-E that it would also 
be acceptable under certain circumstances to replace the torque requirements with 
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the size of the engine as an input. Although this might not be the best way, it was 
much easier for the CE-C to come up with an engine size at the specification level. 
Assumptions would have to be documented with regards to engine sizes and output 
torque. 
in general all the experts of the team were satisfied with the model that was 
developed. The participants not only enjoyed the model developed as an output, but 
also the methodology they had to follow as it allowed them to get a deeper 
understanding of the sideshaft. An interesting observation from a less experienced 
cost estimator, who was involved in a different commodity, was that now he was 
able to create an estimate for the sideshaft too although it was not his commodity. 
The same was true for the CE-C who could derive a result in minutes. 
The areas of interest that the author asked the participants to comment on are 
presented below. Characteristic comments from the participants are presented, as 
captured by the author during the meeting, as qualitative evidence. In many cases 
there were very close similarities to the responses received in this case study with 
the previous case study in chapter 6. In these cases the author left comments out so 
that there are no repetitions: 
_Accuracm "The cost estimate produced was much more accurate that Ithought it would be. 
Mindyou, I think this was because this commodity (sideshaft) has less parts 
compared to other ones. Also thefact that we based the estimates on known parts 
played a majorfact " 
Ease to Use 
"Ifound it dijftcult to use the method. Maybe thefact that I am not an engineer 
played a major role. I think that I will need to work on afew more products before 
I get the hang of it " 
E-E 
d'It will definitely help me to create estimatesfor commercial people. More than 
that I don't see a problem giving them the model and create them themselvesl As 
long as they cannot change the relationships or the rates, then I am sure they could 
get the same results by themselves 
Both the experts involved in the case study agreed that the FUCE 
framework offered a systematic approach in matching the specifications 
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requirements for the car with the requirements of the sideshaft. As a result a 
cost estimate was produced that was agreed by both commercial and 
engineering parties. 
Because the methodology involved both groups of CE, the experts 
commented in a positive way about the 'knowledge exchange' that occurred 
during those meetings between the two groups. 
All the participants agreed that the model could be applied in other 
hardware automotive parts. 
7.3. Case Study 2-Vertical Tall Plane 
It has been established that the FUCE framework can be implemented in the 
automotive industry as demonstrated in the two previous case studies. The author 
assumes that any other (hardware) industry that uses bottom up costing practices 
should be able to utilise the framework. 
The motivation for this case study was for the researcher to see if the FUCE 
framework could be associated with the practices of the aerospace industry where 
the cost estimating practices are mainly focused on parametric models. Any 
differences that occurred compared to the two previous cases are highlighted in this 
chapter and discussed in the next one. 
This case study was developed with the assistance of a large aircraft manufacturer. 
A group of three people were involved, each one of them having experience of 
more than 20 years. One was a CE-C, one CE-E and one Product Engineer. Again, 
as in the previous study, work constraints limited the time available for the work 
and the sessions for the study had to be extended over a period of five months. The 
author first familiarised himself with the commodity ý under consideration, and 
together with people from the organisation. established the team for the case study. 
In total 7 half-day meetings were held. 
Scenario 
The product under study was the vertical tail plane (VTP). The experts described 
that the interaction between the different groups of people involved in the 
commodity was not very good. CE-C were producing estimates based on 
parametric models without a clear understanding of what actually was changing in 
the product as such. CE-E were trying to analyse the cost estimates but there was 
not available detailed cost estimates of past product that could be utilised. Product 
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engineers would request the cost on different product solutions they were 
developing but in each case they could not identify what was actually influencing 
the cost to change. A comment made by all the experts was that there was no 
transparency within CE. 
The objective that was considered for this case study was to identify the cost of the 
vertical tail plane at the conceptual design stage and see if we could improve the 
internal communication of CE. 
VTP Description 
There are different designs of tails (figure 7-16). The main criterion for the design 
of the tail surfaces is the provision of adequate stability and control for the aircraft. 
There may be other requirements that have to be met by the tail (e. g. fuel tankage, 
structural support, etc. ) but these are regarded as secondary to the main stability 
and control criteria. Technically this resolves into the provision of adequate 
moments about the aircraft centre of gravity to counteract dc-stabilising -forces 
from the aircraft geometry. The degree of stability and control to be provided will 
depend on the aircraft operational requirements. A large transport aircraft will need 
to be stable to gently position the aircraft, fly in emergency (engine-out) conditions 
and react to side winds. The vertical stabiliser box is a two or multi-spar structure 
with cover panels. The root of the box is fixed at the aft fuselage juncture with 
fittings or splices or the box spars terminate on bulkheads in the aft fuselage that 
are canted into the plane of the spars as show in figure 7-17, thus transmitting the 
fin loads directly into the fuselage structure and avoiding the fatigue-critical 
structural splices. It is important to note that the sizing of thefin is specified by the 
aerodynamic requirements of the plane (for more information please refer to 
Howe's textbook (Howe, 2000)). 
Indeed the sizing was considered by the CE experts to be the most important 
"input" for their cost estimating process for this commodity in terms of the 
specifications. Cost estimators were given the size of the VTP and they had to 
identify how much it will cost. It has to be noted that the VTP does not change in 
every aircraft manufactured, consequently, for this case study the team decided to 
develop VTP cost estimates for three different sizes, each corresponding to a 
different class-size aircraft. This is the only important specification the costs will be 
related to. 
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From the PD and help from the cost estimators a template for the cost estimate was 
developed that can be found in appendix E4. Below in figure 7-20 part of that 
template is presented. Since the estimates were developed parametrically, the data 
needed by the estimator was the weight of the component, the hours of manufacture 
and the cost of materials and labour. 
The author tried to identify data that he could use for developing a detailed bottom 
up estimate. This was not possible as it is not the way the company operated its cost 
estimating department. Cost estimating data was available in parametric estimates 
in the form of Excel spreadsheets or commercial parametric tools. 
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Figure 7-18: Product decomposition of VIT 
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Figure 7-19: VTP diagram 
Component Serial No Part Num. I Weight Hours Labour Material Sum 
I in KG in Euro in Euro in Euro 
Leading Edge 1 XXXXXXXXX) XXXXXXXXXXXxxxx 
Leading Edge 2 XXXXXXXXX) XXXXXXXXXXXxxxx 
Leading Edge 3 XXXXXXXXX) XXXXXXXXXXXxxxx 
. 
LeadingEdge4 xxxxxxxxx). xxxxxxxxxxxxxxx 
I Fin I XXXXXXTXXI XXXXXXXXXXXXXXX 
Figure 7-20: Part of Cost Estimating Template 
7.3.2. Define Functional Decomposition 
The next step was to identify the functional decomposition of the VTP. Figure 7-21 
demonstrates the functional decomposition as identified by the experts. 
7.3.3. Identify Cost Functions 
The team needed to select the functions that we were going to use for the later 
stages of the FUCE framework. The importance of the functions and the associate 
cost related to that function, as the experts could predict through their experience 
played a major part. The functions identified were: 
1. Readjust for failure 
2. Protect from Corrosion 
I Transfer aerodynamic loads 
4. Protect from sudden impact 
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The rest of the functions, like in the previous case studies were considered to be 
common between products, thus having a constant cost estimating value. For 
example, in the case of the 'provide lightning protection' function tile author 
assumed that an almost identical assembly was required in each product that made 
it a constant part regardless of the VTP design. This was verified and accepted by 
the experts. 
7.3.4. Define Product Parameters of Functions 
The next stage of the FUCE methodology was to identify the product attributes that 
relate to the cost functions. Table 7-5 presents thern as Identified by the experts. 
Table 7-5: Functional/Phý%ical Rclation%bip of vul' 
Function Phvsical Attributes 








im act I 
-Leading Edge 
Readyusting fbt- ladut-e 
Readjusting for failure was considered the most Important function. The phYsical 
attribute that al/ects thisjunction is the size ofthe fin. It was agreed by the group 
that it was not a responsibility of the costing tcam. The likely scenarios were that 
the size would be specified to the cost estimators and they will provide the estimate 
of the fin. What would be useful in this case study was to be able to anticipate the 
cost for different size fins. Indeed this was anticipate(] in the beginning ofthe study 
and the airn was to produce the costs for 3 sizes oI'VTP in the first place. 
PI-otect fi-0171 corl. osion 
This is an important function since it can lead to it critical failure ofthe component. 
The leading edge was associated as this is, according to the experts interviewed the 
most likely place for corrosion. 
Tt-ynski- yem(Imulnic loady 
The centre box is the component that is responsible for this function as it has to 
withstand all the bending motions. 
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Protect from sudden impact 
It is often the case that through the journey of the aircraft, a bird or other debris will 
hit the VTP and the leading edge. Considering that the mass of the bird multiplied 
by the speed of the aeroplane, can result in a significant damage to the plane if 
certain precautions are not taken. 
By identifying the product attributes that affect the functions CE-C could 
understand what where the most important functions that affect the cost of the 
VTP. 
7.3.5. Create relationships between product attributes and 
parameters 
After the product attributes were defined the team tried to create the relationships 
between the product's attributes and the parameters one could identify. Performing 
this process with the experts, certain parameters were identified that were affecting 
the product attributes (figures 7-22 and 7-23). Since it has been identified that the 
size of the fin changes according to the size of the aircraft, certain elements of the 
product will change linearly. This is due to the fact that some product components 
do not change design; they just become either smaller or larger or in other cases 
their quantity might change. These parameters are highlighted in yellow. Of course 
there are other attributes that can change completely, like for example, the leading 
edge panels, highlighted in orange in figure 7-23. They can either be made from 
honeycomb glass or honeycomb carbon. 
it is important to note that this result is similar to the way parametric estimates are 
created. The cost is associated with weight or other quantifiable measurements, e. g. 
volume. 
Now CE-C not only knew what attributes of the product are important but also 
could identify the actual product parameters that change. 
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Figure 7-22: Product attributes analysis of centre box 
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Figure 7-23: Product attributes analysis of the leading edge 
Unfortunately, the relationships created were considered of great importance for 
the manufacturer to be revealed. It was agreed from the beginning of the study that 
if the manufacturer wanted something omitted from the study, that request would 
be granted. Almost all of the relationships omitted had to do with design type 
decisions. 
7.3.6. Apply relationships to cost estimates. 
The next step for the cost estimators now was to develop cost estimates for 
different sizes. The most important parameter identified by the estimators that 
affects the cost was the weight. The estimator would derive the cost of a future 
product based on cost per weight rates. For example, in figure 7-24 an example is 
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shown where the cost of the VTP box is analysed to derive the cost per kilo for the 
shells, spars, ribs and fittings (template in appendix G5). The cost estimators use 
relationships like these to estimate the size of a bigger or smaller vertical tail plane. 
It has to be noted that this is the way cost estimators would normally prepare their 
parametric estimates. 
Figure 7-24 to 7-26 demonstrate as an example the cost of the VTP Box for small, 




Box 330.8 153,076 463 
Shells 250 41540 166 
Spars 42 38976 
-i 
928 
Ribs' 25.4 51310 2,020 
: 'ittings 13.4 21250 1,586 





weight kg 1,180 
OUTPUT 
Main Component io 1ý E/ka 
Shells 436 69000 158 
Sp ars 74.2 65472 882 
__ _ _ R ibs 47.5 98065 2,065 
Fittings' 20.1 43000 2,139 
Figure 7-25: Cost of Box for a Medium IVI-P 
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Ribs. 62.1 9 1 1537 1,858 
Fittings 27.3 _ 48592 1,780 
Figure 7-26: Cost of Box for a Large VTP 
Under normal conditions the cost estimators in the company would prepare 
estimates that look like the three ones described above. By following the FUCE 
methodology though, the experts have identified a series of parameters that change 
with regards to the size of the fin. For example, in figure 7-24,7-25 and 7-26 the 
cost per kilo for the "Spars" are: 
-Small: 928 f/kgr. 
-Medium: 882 E/kgr. 
-Large: 1,621 IF/kgr. 
Before the analysis of the case study, it was not clear to CE-C why the costs will 
vary. Also product engineers were not able to identify where the extra cost comes 
from. After the case study there is a series of assumptions that were documented 
and relationships created that were associated with this number. For example, the 
difference of the 'spars' cost estimate between a medium and a large spar was 
attributed to certain special design decisions related to the function 'protect against 
impact'. Before only the person who made the assumption could understand this 
relationship, now with the application of FUCE, the assumptions were cleared to 
both CE-E and CE-C. As a result, there is a much clearer understanding of the 
product and the changes that are required for each manufacture. 
7.3.7. Validation 
At each step of the methodology all the participants were asked to verify that they 
were happy with the progress. At the beginning of the case study there were 
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reservations from the CE-C with regards to the data availability. Indeed that was an 
issue with the development of the cost estimates. After the author explained the 
benefits of the FUCE framework and presented a previous case study, there was a 
desire from all the participants to use detailed estimating to derive the costs as they 
believed it would have the same positive results as it did in the automotives case. 
Of course as it was discussed in the beginning of the chapter, there was only 
parametric data available as in the aerospace organisation this was how they 
created their estimates. 
After the results were obtained from the three sized VTP, the total cost estimates 
were close to the ones observed with the traditional parametric tools. What had 
been improved though was the understanding of all the participants with regards to 
the commodity. Because of the analysis of the functions and what changes to the 
product with regards to size, CE-C had an understanding of the different 
technologies employed to the product, and therefore could understand why the 
changes were actually occurred. 
Overall the experts were happy with the results of the case study, although they 
were discussing to try and develop within the organisation an example with actual 
detailed data in order to present to management the full potential of the approach. It 
was agreed that this would take a lot of time to prepare. 
Characteristic comments from the participants are presented, as captured by the 
author during the meetings, as qualitative evidence: 
Performance 
"The methodology is straightforward. It was not difficult to identify thefunctions 
of the product as they have always been the same. What takes time was to identify 
the different technologies employed in the different designs we have. Also the data 
was an issue as I toldyou before. If we had the detailed data I think the model 
would be much more useful to us - 
Accuracy 
"The accuracy is very good. This really is a parametric estimate, very similar to 
the ones we create. Since we utilise the same data, I see no reason to get different 
results " 
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Ease to Use 
"The methodology is easy to use. But I believe afacilitator like you (the author) is 
needed to clarify certain circumstances "" 
Relevance 
"I cannot imagine using this model every day, of course we do not build different 
planes every day. I believe that we could apply the FUCE methodology to certain 
commodities that wejeel are important to us and to have the results created as a 
guide. The biggest benefit would be to the participants of the study as they will 
learn a lot about the different technologies in the product" 
InteRratiOn with business 
"I think that it will be very beneficial for our organisation to apply the FUCE 
methodology. The biggest benefit I can foresee, like it happened also in this case 
study, is that a much deeper understanding between the commercial and 
engineering people will be achieved. Traditionally we know that the cost will 
change depending on the requirements. nat we did not know was why the 
changes occurred. By applying the methodology we need to identify those 
parameters " 
Transferabilily 
"I do not believe that this could be used to other components than hardware 
Inte2ration of CE-C and CE-E 
"We did achieve a better understanding ofhow engineers work It was important 
for example to know that some materials will change if the skin (of the YTP) 
becomes larger. Before in myparametric model I could only see a number. Also 
the idea ofbeing in the same room with the engineers is new to me. Usually we do 
not interact together" 
SummaIX of Observations 
The objective of this case study was to investigate the application of FUCE in the 
aerospace industry. The author wanted to see if the framework will improve the 
interaction between CE-C and CE-E. 
" Both experts agreed that the interaction and understanding between CE-C 
and CE-E was improved due to FUCE. Now they could understand what 
was the reason behind certain changes to the cost estimates; 
" Both experts participating in the study agreed that the FUCE framework 
would be better utilised with the application of detailed bottom-uP 
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estimating. Although the estimates produced were relatively accurate, they 
were produced using the same method utilised in the company and therefore 
there was no extra advantage offered in the FUCE approach. 
" Because the methodology involved both groups of CE, the experts 
commented in a positive way about the 'knowledge exchange' that occurred 
during those meetings between the two groups. 
" All the participants agreed that the model could be applied in most of the 
hardware products in their industry. 
" Both experts agreed that a more important consideration should be given to 
the development of detailed estimates in the aerospace industry. The 
benefits would include a lot more understanding of the costs and the FUCE 
framework could be applied with potentially the same benefits as in the 
automotive industry. The biggest limitation to this approach would be the 
time needed in order to develop the estimates. 
7.4. Summary 
In this chapter the author presented two case studies using the FUCE framework. 
The first case in section 7.2 was another automotive part (sideshaft), but in this 
case it was comprised of smaller and fewer parts. The case resulted in success as 
the estimator could derive the cost of the sideshaft with only inputs the size of the 
engine of the car, the type of drive and the type of car. The results were validated 
and accepted by all the participants of the study. 
The author tried also to apply FUCE to the aerospace industry (section 7.3) and the 
VTP, although the costing techniques utilised in the industry was that of parametric 
estimates. The framework was applied and estimates were derived. Unfortunately 
there was no detailed data to analyse the differences in the products produced in the 
past. Although the results were comparable to the once derived with parametric 
techniques, they lacked the detail that is offered by using detail bottom up 
estimates. In the next Chapter the whole thesis is discussed, including an analysis 
of the case studies. 
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8. Discussion and Conclusions 
The function-based cost cstimaling I- IM framework (FUCE) in Chapter 6 and 
the data infrastructure for cost 
I 
ef 2 
estimating in Chapter 5 were the --ckqrwýd 
ture Review 
outcome of the literature review and the 
results presented in chapter 4. The 
literature review and results 
demonstrated that there is a need for 
improvements of the internal practices 
of cost estimating. In chapter 4a survey S,,,, y S(,, dý 
study was carried out into the issues 
Chapter 9 
acing internal practices of cost 
Discussion 
estimating. One issue identified was the & Conclusion 
lack of inforniation. This led to chapter 
5 and the development of a data 
infrastructure for cost estimating. The other big issue facing CE-C and CE-11 was 
their interaction at the conceptual design stage. This led to the development of the 
FUCE framework in Chapter 6. 
The data infrastructure was created by 'mapping' the processes cost estinialors 
perform and associating data for each step. F'Inally tile resources of where this data 
could be potentially collected from were identified. The FUCE' methodology was 
developed frorn a combination of the research finding, tile ilieratui-C Lisilig file 
sponsoring company as a case study. The FUCF framework was Further tested lor 
relevance by developing another two case studies, one Ill aLItOIllOtIVC 111dustry and 
one the aerospace. 
Within this chapter the are discussed and concluded. This Chapter draws togollcr 
everything that has been reported from both the work of' ollicrs and the author's 
own research. The main airn of the chapter is: 
Chapter Aini: 
J'o discuss and concludc the inililications of the rcscarch findings established in 
the thesis. 
In Section 8.1, a summary of key observations is prescmed. In Section 8.2, tile 
research contributions are discussed. In Section 8.3, the implications of 
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implementing the results of this thesis are discussed. In Section 8.4, the limitations 
of the research are identified. In Section 8.5, areas for future research are discussed 
before drawing conclusions in Section 8.6. 
8.1. Key Research Observations 
8.1.1. Literature Review 
The literature established the importance of estimating the costs of production as 
early as possible in the product life cycle. Evidence was presented that the 
manufacturing costs are most important to the organisation involved in mass 
production like the automotive industry. The importance of CE-E and CE-C 
working together, especially at the conceptual design stage was established. 
A review of the different techniques employed by both groups was performed in 
order for the researcher to understand better how cost estimates are created and 
what the issues with each technique are. A different focus was observed for the two 
groups. The techniques employed traditionally within CE at the conceptual design 
stage, like parametric estimating (PE) and expert judgement (EJ), hinder the 
communication between cost estimators due to the "unspoken" assumptions made 
while creating the cost estimates. This lead to inconsistencies when another cost 
estimator tried to re-create the same cost estimate or try to understand it. 
With PE, estimators end up arguing the qosts based on the parameters they chose 
for their estimate instead of the actual product. For example the commercial 
packages used for this task have a "complexity factor". Complexity factors are 
provided based on examples, two estimators could argue on different values (1.5 or 
1.3) therefore ignoring the product itself and the manufacturing challenges it might 
present and concentrate on those figures. Furthermore the models created do not 
provide sufficient explanation with regards to certain selection like materials and 
manufacturing process decisions, thus making it very difficult to understand and 
explain the estimate e. g. in a negotiation with a customer or a supplier. On the 
other hand, detailed bottom up estimating provides the detail needed to understand 
processes and materials but it was not applicable at the conceptual design stage. 
Detailed information is not available at that stage for the CE-E to develop an 
estimate. The author believed that the use of CERs could possibly be combined 
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with the detailed bottom-up method, thus allowing the benefits of both techniques 
at the conceptual design stage. 
The author observed a lack of research in the area of CE internal practices. For this 
purpose he concentrated his effort to try to learn from engineering design and value 
engineering and the issues around conceptual design stage. Many authors in the 
literature stated the fact that at conceptual design stage the inputs available to 
designers and estimators are the requirements and the functions the product needs 
to fulfil. This provided the author with further directions for his research analysis. 
It was therefore important to investigate the relationship between the conceptual 
design stage and CE. Value engineering and in particular the functional 
decomposition method was reviewed by the author. Although value engineering 
was used to analyse products and reduce their costs, not a lot of research had been 
done in the use of functional decompositions to estimate a new product at 
conceptual design stage or how it could help improve the internal cost estimating 
practice. 
Another direction for improving the internal cost estimating practice was the 
development of a data infrastructure. Suitable information is the content of any 
communication which allows the creation and the utilisation of cost estimates. 
Information facilitates the interaction of people, material, equipment and money to 
reach at the profitable and competitive products. Correctness of information is 
important as poor information can cause multiple problems such as designs which 
are not optimised for manufacture or assembly, feeble investment justifications, 
and purchases of overpriced components. 
Literature demonstrated that decisions are based often on inaccurate, incomplete 
and out of date information. That was because a cost estimate is a probabilistic 
assessment and therefore involves uncertainty. These decisions may be poor and 
result in considerable unnecessary expense. As cost estimates are mostly based on 
estimated information, it is necessary to truly understand how these estimates are 
composed and where possible sources of risks lie. 
It was observed that design researchers face similar problems like cost estimators. 
Motivation and ideas for the development of the data infrastructure was gained 
from relevant research in the area of design. Characterisation of the information 
sources, the correct amount of information necessary and the issues associated with 
this information were reviewed from other researchers. 
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8.1.2. AS-IS: Survey Study 
The key benefit of the AS IS study was to validate that the hypothesis of the 
research (the need for improvement of internal practices) is valid, and to highlight 
the potential problems that arise. For this purpose a questionnaire was developed 
and semi-structured interviews were conducted. The aim was identify any issues 
that exist between CE-C and CE-E, and help to identify the issues surrounding the 
data and information needs for cost estimating. The survey was conducted across 
different industries to encapsulate the most amounts of information and opinions 
with regards to the internal cost estimating p*ractices. 
An important observation of the AS IS study was the lack of a formalised approach 
in regards to a costing database. CE-E produces estimates often based on obsolete 
data. Wherever there is lack of a specific rate, the estimators assumes one based on 
their experience. Other cases observed throughout this study was the use of 
different rates for the same labour or machine used within the same department. 
The reason for that was that many estimators had their own set of data based on 
catalogues and brochure provided by machine vendors and suppliers. Most 
companies agreed on the point that a common data infrastructure would be 
beneficial; it was often referred to with slight modifications, but generally went 
along similar lines, of containing general costing information, such as overhead 
costs, material , labour costs, tooling and so forth. 
The importance of cost estimating at the conceptual design stage was presented by 
CE-C. A number of issues were raised with regards to problems faced by 
estimators during the specification of the product. There was a lack of 
understanding how the specifications impact on cost, before the actual design was 
available, for the CE-E to create A cost estimate. CE-E in order to produce the 
estimate requires a physical part, a detailed design or detailed specifications. If a 
decision was made that this information was not enough, he will try to contact an 
engineer or the supplier who will be involved in building the specific component. 
Once he is satisfied with his understanding of the product he will construct an 
estimate. 
There were often discrepancies between the cost engineer's earlier quotes, and the 
acceptability of these figures from the commercial group. This difference of 
proposed costs, as stated by several industry representatives, came from the 
difference of emphasis or importance allocated to the various aspects of the project 
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as well as the different understanding that exist between the commercial and 
engineering groups. 
The main reasons were that: 
The communication of the product requirements and spccifications from the 
commercial to the engineering people were not well established. There was no 
framework linking the product functions to a cost estimating template. 
The data available to the cost engineers to perform their estimates was not of 
appropriate detail. It was noted throughout the survey that organisations (to not 
have a detailed costing database in order to produce estimates. Data was usually 
collected from supplier quotes or different financial systems within the company. 
Several challenges were raised through the AS IS study and the interactioil with the 
Cost estimating experts in the automotive industry: 
Lack of resources for cost estimation 
Difficulties to get access to infon-nation 
Correctness of information 
-*. - Lack of understanding of cost estimation information 
8.1.3. Data and Information Requirements 
With the challenges identified in the AS-IS stage the autbor decided to develop I 
data infrastructure for cost estimating. The author stated the need to Identify a 
common cost estimating process. If a process could be established tbat was 
common across the automotive industry, then a data infrastructure thit 1-clated to 
that process would be of great benefit to the whole cost estimating community in 
the automotive industry. 
The author mapped different processes using tools like X-Pat and lDF. F3 to 
identify the "objects" associated with the process. The common process identified 
was the bottom up cost estimating. The necessary data elements were identificd for 
completing the process. Furthermore the resources where someone could rctrieve 
the information were presented. In summary the following observations were 
made: 
The Process Models 
When analysing benchmarking and detailed cost estimating actIvItles conducted ill 
the companies, it was found that both are using similar cost elements. Based oil 1111s 
finding a single cornmon cost estimation process model for the IlUtO1110tive industry 
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was developed. The model was based partially on the work of the AS IS and on the 
process maps presented in Appendix C. 
The Data Infrastructure 
The development was based on the cost elements and resources identified. Further 
analysis was conducted for the creation of the Web Portal, which was the physical 
presentation of the infonnation infrastructure. First the cost elements were 
. jor requirements 
categorised. The categorisation was a consensus that fulfilled ma* 
of the automotive companies. The categorisation produced diagrams containing all 
the cost elements. 
The research elicited several resources used by cost estimators in the automotive 
industry. The number of specific sources was observed to be great. The large 
amount of different sources suggests that there is no standard way how information 
sources should be used. The cost estimators agreed on this during the interviews. 
This had led sometimes to situations where different cost estimators making similar 
estimates have different results because of the choice of the resource. The sources 
were classified under three major headings; internal resources, supplier resources 
and external environment resources. The internal resources provide mostly 
technical information of a component and expertise for particular situations. 
Supplier resources were the main source of information. Cost estimators could ask 
variety of information from the supplier but the validation of the provided 
information was an issue. T' herefore it was normal practice to source information 
from the external environment for this validation. 
It was found that cost estimators use resources for getting two different types of 
information; cost information and information needed to deduce the cost. Also it 
was observed that there is a difference between the information available from the 
resources and the actual information used. That is only portion of data available 
was used, therefore the used cost elements are mere subset of all the information 
available. The author selected 80 cost elements from these resources. A cost' 
element was selected if cost estimators considered it to be both relevant and 
actually usable for the creation of a cost estimate. 
Web Portal 
Data templates (web pages) were created for the web portal. These templates 
defined each cost element used in the automotive industry. The content of data 
templates was based on the identified best practises for each individual cost 
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element. The templates explained in detail why cost elements are relevant for cost 
estimation and identify possible sources where cost estimators can find values for 
them. Each created data template answers on at least the following questions; what 
is the cost element, why it is used, what information sources are available for it, 
and how to validate the information. 
8.1.4. Function-based Cost Estimating 
This chapter addressed the issue of interaction between commercial and 
engineering disciplines within cost estimating at the conceptual design stage. It 
introduced the concept of 'Function-based cost estimating' (FUCE) as a linkage 
between commercial and engineering activities. 
So early in a project the types of requests CE-C will ask the CE-E were for 
example: 
" "How much will the exhaust system cost if we increase the engine capacity 
of the vehicle? " or; 
" "How much will it cost to add all-wheel drive to the vehicle? With a small 
capacity engine or a large one " 
This type of questions a CE-E will receive, were un-guantiried requests. The CE-C 
were not looking for detailed estimates but for an approximate cost in order to be 
able to make decisions. CE-E, following the bottom-up process will try to acquire 
more information regarding the product in question and try to use their expert 
judgement in order to provide the answer. There were a series of problems 
associated with this approach: 
CE-E make assumptions that were not documented; 
Results were not repeatable; 
Results could not be explained easily to another cost estimator as they were 
based on the assumptions of an individual and were not necessarily the 
most complete. 
The whole process was not systematic. 
In many cases CE-E make assumptions that were not agreed with engineers, 
leading to errors in the cost estimate. 
A methodology was presented that allowed cost estimators to base their estimates 
on the functional characteristics of their product. Using data from past product and 
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the knowledge of the experts, relationships were created in the form of equations or 
tables that could be associated to elements of the cost estimate and predict the cost 
behaviour of the product. Two examples were presented based on the automotive 
industry. The models proved that it was possible to create estimates based on 
functions, thus integrating commercial and engineering knowledge within cost 
estimating. The author believed that this approach would help to improve the 
communication between the disciplines involved in cost estimating and assist 
estimators at conceptual design stage. 
Validation 
The FUCE methodology and the final models created for the two case studies in 
the automotive industry were validated with the experts. Validation of the 
methodology was performed at each step. Once the final model was created, the 
researcher organised a workshop with all the participants of the case study. 
The models created were tested for their accuracy with regards to the, final costs 
produced. The experts agreed that the cost results were realistic; furthermore what 
was important to them was the direction of those costs, if they were going upwards 
or downwards, depending on the inputs they specified. 
The model was tested for its completeness. In general the users were very happy 
with the relationships created in the model. A recommendation was made by a user 
that the model could be potentially refined even more in order to make it more 
detailed. Although this comment found agreement in principle by the other 
participants, they all agreed that the time and resources spend on this cffort would 
not be of a great benefit, as this model was created to represent the conceptual 
design stage. The indication of the costs produced was already satisfactory. 
The framework was finally tested for its ability to improve interaction between CE- 
C and CE-E. The participants commented with positive words about the two 
aspects of the framework, the methodology followed and the actual model 
developed. The participants commented that the methodology allowed the different 
groups of CE to interact and understand how the different requirements affected the 
functions and the cost of the product. CE-C could get an understanding of the 
engineering implications of their requests. On the other hand CE-E had the 
opportunity to create the estimate in collaboration with the CE-C. This helped clear 
any misunderstanding CE-C had with regards to the assumptions made during its 
creation. 
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The experts agreed that the cost model created could be used for a considerable 
length of time unchanged. That allowed CE-C to create cost estimates with regards 
to target cost and feasibility studies in a matter of minutes with all the correct 
assumptions made, instead of the much longer periods required before. On the 
other hand, CE-E were satisfied that they had the "ownership of the estimate and 
the rules and assumptions were primarily created by them, therefore the cost should 
be in accordance to their expectations. 
overall all the experts agreed that this approach minimised the time necessary to 
create cost estimates at the conceptual design stage where both CE-C and CE-E had 
to collaborate. Although it needed a considerable amount of commitment from all 
participants for the creation of the model in the first place. 
Testing the Relevance with other lndusjjy 
Except the validation with the research sponsor for the first case study and another 
au - tomotive company for the second, the FUCE framework was also applied to the 
aerospace industry. The case study was developed with three experts in a big 
aerospace manufacturer. The results were positive for this industry. Although the 
accuracy of the estimates produced was not better than the ones available in the 
organisation (based on parametric estimating techniques), the participants benefited 
from the methodology as a better understanding of the engineering complexities 
and choices made to the product was achieved. CE-C could understand why certain 
changes were made in the cost estimate. All the participants were interested in the 
FUCE framework 
8.2. Research Contributions 
This research has significantly contributed to understanding the internal costing 
practices when creating estimates at the conceptual design stage. It has introduced a 
data infrastructure for cost estimators involved in the automotive industry and 
identified the resources available for this data. It has developed a framework that 
associates product functions to cost estimates at the conceptual design stage with 
contributions from both Commercial and Engineering groups of Cost Estimating. 
This research has managed to combine the advantages of bottom up estimating to 
provide as much detail as possible at the conceptual design stage. This was 
demonstrated through the development of two cases studies in the automotive 
industry. The contribution to knowledge is clearly identified in the following 
points: 
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Research Contributions: 
This research identified through literature the importance of CE-C' and CE-E 
working together and the different cost estimating techniques employed by 
each group. Also the lack, and consequently the significance, of a data 
infrastructure for cost estimators in the automotive industry were observed. 
The research identified from an industrial survey that there was a lack of 
interaction between commercial and engineering people within cost 
estimating at the conceptual design stage. This is the maJor bottleneck in the 
CE internal practice. There were two main reasons for this. One was the lack 
of a common, coherent data infrastructure for cost estimators (this supports 
the observations from the literature review). The other was the lack of a 
common framework that brings those two groups together to develop the 
cost estimates. 
This research identified the data and information required to develop cost 
cstimates for the autornotive industry together with an explanation of why 
they are needed and where they could be found. 
This research developed a systematic and consistent framework where both 
commercial and engineering people of CE could prepare a cost estimate 
together for a specific commodity that could represent the cost at the 
conceptual design stage for different specifications using past experience. 
8.3. Data Infrastructure and FUCE 
Implementation Issues 
The result of this research provided a data infrastructure with all the elernents 
needed to develop a cost estimate for the automotive industry. Explanations of why 
you need the specific cost and where it could be found were provided. The 
infrastructure was presented in the form of a web portal. The web portal was a 
complete working model that was provided to the sponsoring companies for 
utilisation. 
The research in the FUCE framework provided a methodology where CE-C and 
CE-C could develop cost estimates based on the analysis of product functions and 
utilisation of detailed cost estimates. A handbook in using FUCE is also provided 
to the sponsoring companies. 
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8.3.1. Technical Issues 
Data Infrastructure 
A data infrastructure can be represented in different ways. In this research a 
website was used to demonstrate the concept. This provided a cost effective and 
technically less challenging approach for developing and testing the concept. 
Companiesbould implement the portal as part of their intranet (company internet). 
Text pages providing the links to other relevant information like the resources of 
where the information could be found. Companies using existing software vendors 
could integrate the infrastructure with a cost estimating database (not developed in 
this research) and therefore not only provide an explanation of the information but 
the user would actually retrieve a costing rate. Using commercially available 
professional will further enhance the capability and the use objectives of the data 
infrastructure. 
FUCE 
The methodology of how to implement the FUCE was quite clear as all the experts 
agreed. The representation of the model and the relationships created was 
performed by the author using MS Excel. Again this was done as it provided an 
inexpensive method for developing and testing the research. A company using 
vendor software could integrate the potentially created models with their database 
in order to update cost rates and details on the estimate automatically. 
The aerospace industry faces an extra technical issue, that of the detailed 
estimating. Traditionally estimates are developed parametrically thus lacking the 
necessary detail to see great benefits from the application of FUCE. If aerospace 
organisation wanted to see the fiill benefits, a significant amount of resources 
would have to go into the development of such infrastructure. 
Both the data infrastructure and the FUCE models would need to be maintained. 
Changes to the way information is collected from other software applications, or 
changes to the FUCE models will need to be implemented. If a professional 
software developer provide the application, the implications are not great. If the 
application is developed in-house, then the company needs to be aware of all the 
potential risks with regards to. software and hardware issues. 
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8.3.2. Financial Issues 
The financial implications need to be assessed of implementing the data 
infrastructure and the FUCE framework 
Data Infrastructure 
The author used a website application to create the data infrastructure, therefore the 
financial cost will be kept to a minimum. Only if the user company wants to 
implement the results in a different, more complicated way will the costs be raised. 
FUCE 
The cost estimates created with FUCE are company specific and one is needed for 
every commodity. What is generic though is the framework. 
The cost models were created using Excel. Since this type of expertise is widely 
available in engineering companies, the cost should be kept to a minimum. 
Nonetheless, the models are not universally applicable. Different commodities will 
have more or less complicated models, based on the amount of relationships 
created between functions and cost elements. The development of the models will 
require cost estimators to invest time in documenting assumptions and developing 
the rational between cost elements 
-and 
product functions. This will increase the 
cost of the development 
In order to ensure that the investment in the development of the models is good 
value for money, the added benefits of this research need to be explained to both 
senior management and end users. This include a better understanding of the 
assumption and rational used by different groups within the company, the 
development of cost estimates that produce a competitive advantage during 
negotiation with suppliers, improved confidence on the estimates produced and on 
the reusability of those estimates within the organisation when new products have 
to be developed. 
8.3.3. Cultural Issues 
Cultural Issues are usually a big contributor to the difficulty organisations face to 
change. In the automotive industry both the data infrastructure and the FUCE 
framework found great appeal. Indeed a couple of organisations plan to expand the 
models and apply FUC E to further commodities. This was'not of great surprise as 
the research direction was formed after a survey in the automotive industry. FUCE 
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also assists in the demise of cultural barriers, as during its implementation it allows 
CE-C and CE-E to work together to develop the cost estimate. 
The application of the FUCE tool in the aerospace industry is more challenging. 
This is due to the fact that the industry traditionally uses parametric estimating 
techniques. Nonetheless, it should be noted that during the testing and validation 
phase of this research, the users form the aerospace industry were very satisfied 
with the results produced be the FUCE framework. 
8.4. Research Limitations 
8.4.1. Research Methodology 
The research of this thesis was based on a qualitative approach. As mentioned 
earlier in Chapter 3, the data analysis of this approach is prone to, bias, and the 
validation and generalisation of the results is very difficult to achieve. 
one of the main reasons for using case studies in this thesis was the fact that the 
research. was industrially sponsored. This provided the right environment for 
developing case studies. Nonetheless the choice of case studies was limited to the 
options available provided by the companies and such, the results and the 
development of ideas included in this thesis may have been biased. 
The author spent a great deal of his time within the sponsoring companies and 
interviewed its experts. This prolonged exposure can lead to biased analysis of data 
that is influence by the experts the author spent most of his time within the costing 
department. This can lead to the formulation of new ideas that cannot be 
generalised for the whole scope of this research. In order to counter this potential 
limitation, the author used different collection techniques and reviewed as many 
different sources of information as possible. The results were either documented or 
recorded in tapes and archival records that could be used for auditing the opinion of 
experts were collected where possible. This approach, although it does not 
eliminate the bias completely, it can allow other researchers to understand the 
reasoning process followed by the author in producing the results of this thesis. 
Since the case studies were developed within companies, both in the automotive 
and defence sector, a number of interviews was not documented and data was not 
always collected. This was due to the confidential nature of the information. The 
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author had to rely on his notes and memory and as a result the data collection might 
not has been as accurate as possible. In order to reduce the bias, the author 
interviewed a number of experts. 
The qualitative approach chosen by the author required a high level of interaction 
with people. Interpersonal skills were vital for the collection of data. As it happens 
outside a laboratory environment, the conditions are never optimum and are 
influenced by unpredictable parameters. A lot of knowledge with regards to the 
processes followed by the companies was obtained during informal meeting and 
discussions in the corridors of the department. This insights were not properly 
recorded so that they are available as auditable information. In hindsight, an 
ethnographic approach could have been employed by the author to better 
documents the data available. 
8.4.2. Data and Information Infrastructure 
IDEF3 Process Modellin 
This process modelling technique and its representation of results is so concise that 
only people with the relevant expertise or the participants to this process can 
understand and interpret the results. Maybe other process modelling techniques 
would provide a better way of representing the processes. 
IDEF3 requires a vendor so ftware, therefore only people with access to the 
software can see all the information included in the models. Due , 
to the nature of 
the software, some data could not be capture directly by the software and was 
included by the author in a different format. This increased the research bias. It 
would have been useful if more than one person was recording the information in 
order to provide a sense of validation and to capture better data. Finally, "what-if' 
scenarios could not be produces with this method 
The models were validated by the experts that assisted in their development and 
therefore the subject bias is increased (see section 3.3.4). The involvement of other 
experts from different companies but the same domain would be preferred. 
Industly Suppo 
This research was dependent heavily on the resources and support from the 
industry. Two major issues that limited the research arise from this fact: 
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First, the knowledge was elicited from experienced cost estimators. The selection 
of senior people was necessary as expert judgement is necessary in the cost 
estimation. The availability of expert's time was a hindrance during the whole 
research. This limited the duration of interviews. 
Second, there are a limited number of the automotive companies in UK. During the 
analysis of information it became obvious that interviewed cost estimators have 
quite a similar understanding. A wider range of companies and cost estimators' 
backgrounds would increase the scope of the infrastructure. The narrow scope 
caused the limitation of benchmarking only to the technical side. The findings did 
not support strongly enough the commercial decision-making (e. g. supplier 
selection) to be included into the detailed analysis. 
Cost Elements 
The cost elements described in this thesis concentrates on manufacturing costs. In 
the overhead category other costs are discussed. Two different types of limitations 
were identified for elicited cost elements: 
First, the cost elements are generic therefore suitable for wider range of automotive 
companies. This works fine for elements, such profit margin. However most 
notably specifications, e. g. machine specifications were abstracted. Expert 
judgement is used when cost estimating, e. g. the impact of machine specification 
on the machine selection. This information is process, or machine specific. The 
elicitation of this type expert knowledge is requires plenty of time and effort from a 
company. 
Second, the interviewed cost estimators were mostly concerned with the 
manufacturing costs. The research found that they are not designers or commercial 
people (to be deleted). The cost estimators acknowledged that e. g. financial 
information is needed but this type of analysis is not (normally) done by cost 
estimators. Similarly technical details of engineering designing are not (normally) 
known by a cost estimator. The existence of this type of qualitative knowledge was 
acknowledged by the cost estimators but the interviewing was not the correct 
method for the elicitation of them. Also the interviewed cost estimators were not 
specialist in those areas. 
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8.4.3. Function-based cost estimating (FUCE) 
The FUCE methodology was developed having in mind the analysis of relatively 
small components. This approach could not be applied to a whole vehicle as the 
number of functions associated with it would be so great that would make the 
model unworkable. The FUCE model developed for the case studies followed a 
discrete approach. That means if the parameters selected as 'input' for the model 
also affected other functions of some other part of the vehicle, they were not 
documented. That means that the development of the vehicle in a single FUCE 
model would be extremely difficult. 
The cost estimates and the data used for the development of the relationships were 
acquired from the sponsoring company. The terminology used in the estimates may 
not represent other industries. 
Excel was used for the development of the prototype as the author possessed the 
necessary knowledge. A better approach could have been to employ a 
programming language that could develop a prototype that could be linked with 
other in-house software application like databases. 
The methodology itself does not explain itself sufficiently. There is a need for a 
facilitator to guide the participants through the process of developing the FUCE 
model. 
Validation 
The author chose to use qualitative validation. Due to the lack of experts' 
availability this was the best approach to elicit observation. Furthermore qualitative 
validation provided a deeper understanding of peoples' views. 
There was a limited number of contributors in the case studies. Although they 
agreed that the framework and the model created would be useful for them, the 
author would have liked to see the application of FUCE as an observer to another 
case study to see how the experts would cope by themselves. 
The validation of the framework was performed together with two experts who 
were involved in the development of the case study; this increased the possibility 
for subject bias (see Chapter 6). In order to reduce this bias, the author validated 
the results with two participants of the second case studies. Despite of that, this 
research cannot claim that the conclusions of this work represent everybody within 
the companies used in the case studies. 
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Aerospace Indusqy 
Aerospace industry traditionally prepares estimates using parametric tools and data. 
The FUCE framework and the data infrastructure suggested in this thesis were 
primarily developed to assist automotive manufacturers to develop better estimates 
at the conceptual design stage. Indeed the source of where information could be 
retrieved that was present in the web portal is specific to automotive companies. 
That is the reason that the data infrastructure was not validated in the aerospace 
sector. 
The FUCE framework was applied to a case study in the aerospace industry 
(Chapter 7). The experts agreed that although the model created was useful to 
them, it was not possible to achieve the same type of results like in the automotive 
industry. The problem was the lack of detailed data. The data available in the 
company was based on historical data. The newer estimates created, were also 
based on the previous estimate and so on. This produced an accumulation of errors 
in the parametric estimates. The advantage of the FUCE approach was the use of 
detailed data in order to highlight the changes in the product. In this case this was 
only achieved through applying the methodology and identifying what was 
changing in the product. What was not possible was to quantify that change. 
8.5. Future Research 
The importance of the internal practices within cost estimating has been established 
in this thesis. The evidence suggest that it is an important issue for the different 
groups of CE to interact well yet no research can be found on the area yet. This was 
especially so within the conceptual stage of design, of complex hardware product 
in the automotive domain. The author suggests that a more extensive survey than 
the one conducted in this research is carried out that encompasses estimators from 
other industries. 
During his research the author identified a lack of literature and a lack of 
collaboration between the practices of Cost Management and Cost Estimating in 
big organisations. Cost management needs cost estimates in order to perform its 
function; nonetheless there was a lack of literature in this matter. It seems that there 
is a trend for those two areas to have separate directions, instead of complementing 
each other. Thus there is a need for more detailed analysis of those two domains in 
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order to improve the costing practices, not only at the conceptual design stage, but 
also in the whole product life cycle. 
The research identified a data infrastructure for cost estimating in the automotive 
industry. It explained why this data is needed and where it could be found. The 
next logical step for research would be to actually capture this data and provide it 
through a database. Catalogue of data and information could be created for 
different industries that could be used as "best in class" rates. If enough unanimous 
agreement could be achieved across certain industries, then this database could be 
used by all companies as a reference point. 
The FUCE framework (the methodology and the model) developed during this 
research was found to be very useful to the automotive sector. The methodology 
captured the product functions and created a relationship between product attributes 
that affect the functions and costs. These relationships captured, and in effect 
documented, the assumptions and the rationale of the estimators with regards to the 
product. With more research an automated approach in terms of a software could 
be produced that will guide the experts in following the methodology. Also the 
assumptions and relationships could be captured in a database that future experts 
could retrieve much easier. 
More research is required in order to include an 'add in' capability to the functional 
decomposition. The author although suggested how to add a new function in the 
literature (section2.3.2) and in the methodology development (section 6.2), he did 
not actually demonstrate an example of this. The reason was that in the products 
reviewed this was not possible. 
The models created in Excel provided the complete cost estimate with the rates 
used. The actual cost rates were considered by companies of great importance and 
not something that could be shared with suppliers or competitors. More research in' 
the area of how to represent the result of the FUCE model would be beneficial for 
these purposes. Instead of actual rates a colour-coded approach could be used that 
will warn the user if the cost estimate created is over-valued or under-valued. 
Another approach could be in actually hiding the rates and providing 'multipliers to 
the different cost elements, by that allowing the estimator or any other user to 
understand the implications of his selections to the model but not being able to see 
the actual costs. 
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8.6. Conclusions 
The research has achieved all the objectives presented in chapter 3. The main 
conclusions from the research are presented below 
a) it is observed that there is a lack of research in understanding issues relating 
improvement of CE internal practice. 
b) It is observed that CE internal practice can be improved by enhancing 
interaction between commercial and engineering groups involved in CE. 
C) The research has identified data and information required for cost 
estimating in the automotive sector. The data and information is categorised 
in six major categories and sources identified. 
d) The thesis presents a data and information infrastructure that implements 
the data and information requirements identified. The infrastructure 
improves communication between CE-C and CE-E. This better 
understanding helps in improving the cost estimating internal practice 
within the automotive industry. 
e) The thesis demonstrates a function-based cost estimation (FUCE) 
framework to improve interaction between CE-C and CE-E at the 
conceptual design stage within the automotive sector. This is a systematic 
approach to link the two groups for CE. The framework is validated with 
two case studies in the automotive sector. Once adopted the FUCE 
framework improves CE internal practice. 
f) FUCE framework is then applied to an aerospace product. The case study 
identifies the improved interaction between CE-C and CE-E is the major 
contribution to improve CE internal practice within the industry. 
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academic and research purposes ONLY. 
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Introduction 
The research attempts to integrate commercial cost estimating with technical cost engineering 
by developing an innovative and generic approach to costing. The approach addresses two 
major issues: the people issue and technical issues behind the costing. The concept of 
integration (between the commercial and technical costing activities) is very novel, with no work 
being reported exactly in this area. The research will improve communication between the cost 
estimators and cost engineers. The outcome of the proposed research will make the cost 
estimation process more transparent and accurate, and thus will assist in designing a product 
'right first time'. 
Definition of Cost Estimating & Cost Engineering 
Manufacturing industry performs cost estimating throughout the life cycle of a product. The 
purpose of commercial cost estimating is to provide key business information for decision 
making in a top-down fashion. This cosfing discipline tries to evaluate, and optimise a 
combination of requirements (customer and business) with potential or selected solution(s), 
across a wide range of business processes, with cost as the common denominator. 
Aftematively, the Cost Engineering discipline tries to model the design to manufacturing cost in a 
bottom-up approach for establishing relative costs for different solutions, and methods. Similarly, 
the cost engineering discipline needs to have detailed knowledge about the product, the 
manufacturing process, and manufacturing capability of the organisation. But unlike cost 
estimating, cost engineering discipline focuses on design, manufacturing, and tooling activities 
only. They also need to be fully aware of UK & customer government legislative regulations, 
which govem justfication and access to data used in the estimating process. 
Due to this mismatch of focus, and differences in terminology and level of detail, there is a 
gap between the two disciplines, and this leads to inconsistencies in costing practices. 
There is also a lack of knowledge about each other's activities. Both cost estimating and 
cost engineering are essential during the conceptual product development stage for design 
evaluation, and thus optimisation. 
Purpose of the Questionnaire 
The two costing disciplines that work towards overall costing of a product are Commercial 
cost estimating and Technical cost engineering: It has become apparent that at present 
these practices are not utilising their full potential of creating an efficient estimate, right 
from the early stages of product development. This is due to poor internal communication - 
actually between the costing disciplines. 
In order to improve this current state of costing affairs, Questions and Interviews are 
necessary to establish current practice within industry; and to also determine what type of 
interaction is currently occurring between the two costing disciplines. 
Once these internal processes have been acquired -through the questions /interviews, 
ICOST can then proceed to expose any weak links present between these practices, 
including lack of communication and comprehension of each prospective discipline, and 
thus proceed to establish firm, consistent method of costing across industry. 
Overall Aim: How Is An Estimate Produced? 
1, r, 0111 Please note Questions asking about the practices of an 'estmato r est mate, 
should be answered according to your own profession, 
Le. Commercial cost Estimator 
(those covering commercial areas -financial, etcj; 
Technical cost Engineers (for those working in engineering, software, etc) 
Module I (General Issues) 
QI: How long have you been employed in the company? 
Q2: What is your role in the company? 
Q3. How long have you held this position? 
Q4: What is your experience (Academic & Industrial) prior to your current position? 
Q5., How much input to an estimate is via experience / expertise of estimator? 
(with respect to both commercial and technical estimates) 
Module 2 (Interface) 
QI: Could you explain the absolute fundamental development stage(s) of creating an 
estimate? , 
02: What level of contribution towards the estimate comes from other departments? 
Q3: Which individual departments are involved in creating an estimate? 
Q3a: What is the input of these departments? 
Q4: Is the datalproduct information that is required from other departments 
Q4a: Easily procured? 
Q4b: comprehensible to the recipient? 
Q4c. How is it communicated? (meetings, reports, email I Intranet etc) 
04: How is all relevant information linked? 
Q5: How is your role different to those of the other contributors toward an estimate? 
06: How are these roles similar? And howtin what areas do they overlap? 
Appendix B 
Data & Information Questionnaire 
QUESTIONNAIRE 
A. Backwound 
QI: How long have you been employed in the company? 
Q2: What is your role in the company? 
Q3: How long have you held this position? 
Q4: What is your experience (academic and industrial) prior to your current position? 
B. Costinq Process 
QI: Could you explain the fundamental development stage(s) of creating an estimate? 
02: What different cost estimation techniques are used? 
03: What type of information is used to create cost estimates during different stages? 
Q4: What information do you feel you require that is currently not provided? 
Q5: What type of cost models and costing data templates are used? 
Q6: What established practices are used for costing data collection? 
Q7: Are there established practices for using the cost information? 
C. Cost Information I 
Q11: How do you categorise cost information into different classes? 
Q2: How much input to a cost estimate is 
a) based on experience? 
b) acquired through personal communication? 
c) defined In specifications? 
d) derived from drawings/designs? 
e) resides in databases, especially for cost estimation purposes? 
0 extracted from existing parts or components? 
g) found from other sources? 
Q3: What types of Assumptions and Exclusions are made during estimation? 
Q4: How do outsourced parts change information needs compared to in-house production? 
D. Cost Information 11 
In this section the above elicited cost categories and cost information will be analysed 
individually. Please use the empty sheets at the end of the questionnaire to provide Your 
responses. 
Ql. Where is this information found? 
02. How is it accessed? 
Q3. Why Is this information needed? 
Q4. When (during the cost estimation process) is this information needed? 
Q5. In what format is the information? 
06. How often is this information updated? 
07. How is this information validated? 
Q8. How is this information normalised? 
Appendix C 
Costing Processes 
Detailed Bottom up Costing Process 
Request Continue Deliver 
Estirmte 
L100 Creating L101 
Estirmte 
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Figure I "Overview ofcost estimatingfunction 
In figure 1, the primary function of the cost-cstimating department is represented in a top-down 
function. On the bottom right of each box a number can be identified that represents the current 
level of detail. For example, if we were to follow level I further, to create more detail, the 
numbering would be as follows: 1.1,1.2, and 1.3. If we were going to go into even greater detail of 
1.1 then the numbering would become 1.1.1,1.1.2,1.1.3, etc. 
All the requests to the cost-estimating department result into the preparation of detailed estimate. 
Tbcre are different departments that request different levels of detailed estimates and information 
from the cost estimators. 
1.2 Service to Purchase 
On request, the Cost Estimators provide detailed piece cost estimates to support Purchasing in 
negotiations with suppliers. This can be in support of ongoing cost reduction initiatives or 
alternative sourcing opportunities. Cost Estimators also perform Tooling Order Valuc-for-Moncy 
checks on all vcndor-tooling orders over US$ 25,000. 
1.3 Cost Requests 
Cost Estimators are requested to establish detailed, bottom up estimates when supplier quotes arc 
over target, when no target has 
been established or in cases where no quote is available. Estimates 
need to be fully processed and will 
be used in technical discussions with suppliers. Estimates are 
required for piece cost and vendor tooling costs. 
1.4 Commodity Cost Reduction Teams (CCRTs) 
CCRTs conduct a focused, 90 day, cross carline cost reduction effort on a particular commodity. 
The objective is to achieve Design and Commercial competitiveness (Benchmark status) without 
feature deletion or risk to quality. Commercial competitiveness is normally assessed through Gap to 
Benchmark analysis; Design competitiveness through Ford/ Competitor tcardown or CAD 
(Competitor Analysis Benchmark) reviews. The core teams consist of Supplier, Product 
Development (PD), Purchase and Cost Estimating (CE) representatives and are supported by 
Finance, Manufacturing, Freight and Logistics specialists, etc. 
CE-E will normally provide zero based, variance or feature adjusted Market Price estimates for use 
by the purchase to support fact based gap closure negotiations. In addition, estimators will assess the 
cost impact of design proposals or modifications in support of establishing the Business equation of 
the various Design proposals developed by the teams. CE-E are also great contributors in terms of 
suggesting alternative design/ commercial proposals at Team workshops. 
1.5 Value Managemept 
Cost Estimators support Value Benchmarking exercises of Competitors and in-house products to 
assist in establishing Targets. They attend and support Value Engineering workshops to assist teams 
in identifying value improvements for Target achievement. Value Analysis workshops are also 
supported to identify cost reduction opportunities for present models. 
1.6 PVT (Product Vehicle Team) 
PVT's are located at lead manufacturing plants. They are fully responsible for all running changes, 
small programs, special value programs, cost reduction programs and quality actions following 
Job# 1 release at the manufacturing plant and for the next three months, through to the end of the life 
of the carline. These teams stay in place until a new launch team is established for the successor of 
that carline. Cost Estimators are full time, co-located team members for vehicle PVT's and represent 
Cost Estimating in all supplier-related actions and issues. Powertrain Cost Estimators provide 
similar support through the Change Control process, as Powertrain plants do not operate the PVT 
process. 
1.7 Launch Team 
Cost Estimators are full time, co-locatcd members of the Launch Teams for all major vehicle 
programs. Powertrain Cost Estimators also support launch teams but are generally not co-located. 
Cost Estimators are responsible for verifying supplier quotations and providing estimating support 
for piece cost and vendor tooling costs in line with design assumptions from engineers. The 
turnaround time for costing requests is 48 hours in the Launch Team, reducing as Job#I approaches. 
1.8 Change Control 
Change Control is conducted through a Concern Driven Transmittal process that is handled within 
the PMT's (Product Management Team). To support this process, Cost Estimators provide a cost 
evaluation service to engineers. 
1.9 PMT 
Cost Estimators are full time members of the PMrs which are established to support each major 
program. In these meetings, estimators are responsible for verifying supplier quotations and 
providing estimating support for piece costs and vendor tooling costs in line with design 
assumptions ftorn engineers. 
Figure 2 "Decomposition ofinputs 11 
1.10 Target Setting 
Cost Estimators are members of new model Target Setting teams. After evaluation of the Affordable 
Cost Target, Cost Estimators are requested to support Target Agreement meetings to establish, 
together with the supplier, the buyer and the engineer, a roadmap for target achievement. Cost 
Estimators need to understand supplier's production processes and propose cost reductions. 
1.11 Competitive Teardown Analysis 
Cost Estimators are members of new model Target Setting teams. After evaluation of the Affordable 
Cost Target, Cost Estimators are requested to support Target Agreement meetings to establish, 
together with the supplier, the buyer and the' engineer, a roadmap for target achievement. Cost 
Estimators need to understand supplier's production processes and propose cost reductions. 
1.12 Strategy Costing 
To support early Program Definition, vendor-tooling costs are established by Cost Estimating based 
upon early Features Lists or design assumptions. In addition, design alternatives are investigated. 
This requires general engineering skills and experience in latest manufacturing techniques and 
processes. 
2.1 Receive Specifications 
When the product development is at its earliest stages, the Product Development Team produces a 
specification list for the Cost Estimator, to be able to produce a first estimate. These are usually the 
tooling' costs, since the estimator does not have detailed information about the actual part. The data 
provided for this activity is the BOM (Bill of Material) and a feature list of the product. 
2.2 Receive Part 
In a lot of cases, when the Estimator is requested to produce a cost estimate, he will be provided 
with only the actual part. In this case, the estimator will try to extract as much information as 
possible to perform the estimate. This will provide the cost estimator with the dimensions and the 
weight of the part. 
2.3 Receive Design 
In this case, the estimator has access to the actual design and the specifications of the part (printed 
on the design). This is the maximum information that can be available to the estimator in one 
process step. By having the design he can find out any design assumption made of design 
alternatives that the engineer is suggesting. 
2.4 Apply Expertise 
The cost estimator using his expertise is able to see if he has all the relevant information to prepare 
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2.5 Contact Engineer 
By contacting the engineer, the cost estimator is able to get more information, e. g. why the change 
was done and how. Also the engineer, as the 'system ownee, will also know what has been involved 
(e. g. new parts put in, old parts taken out). The same thing will be done with the Manufacturing 
Process (fitting of the part). Again, a ccntre of competence (departments or people that are experts 
within a specific field) will be involved for each area. 
2.6 Contact Purchase 
A lot of the time, purchasing has information before it reaches the engineering department since this 
is the department that will be contacted in case of a change. 
2.7 Contact Supplier 
Since most of the time suppliers design and make a part, it's more likely that they'll have some extra 
information available (e. g. capabilities of their machines). 
They will be able to provide them with what they need (changes and processes). 
2.8 Continue Creating Estimate 
After all the necessary information is collected, the estimator will continue with creating his 
estimate. 
2.9 Produce Piece Cost 
The cost of producing the part is estimated and mark-ups are added. Tooling costs are presented 
separately. 
2.10 Produce Tooling Cost 
The tooling costs are calculated for the construction of the parts. 
Assess Continue 
Relevant L157 L162 Creating 
Data Estinýate 




Figure 4 Decomposition of 'ý4pply Expertise" 
2.4.1 Assess Relevant Data 
The Cost Estimator using his expertise, will decide whether the information available is sufficient or 
needs to retrieve more data in order to continue with the cost estimate. 
2.4.2 Continue Creating Estimate 
This refers to the sarne process as 2.8 
2.4.3 Retdeve More Data 
The Cost Estimator will try and retrieve more data from the company. The part to be assessed is 
procured from an engineer or buyer. The buyer will have acquired this part from the original 
supplier. The information a cost estimator requires from the buyer will be concerned with where the 
part is from. This will allow all manncr of necessary information to be accessed as and when 
required. In order to gain this information, the estimator would liaise with the buyer, or go directly 
to the supplier. For both of the previously mentioned contacts for part information, the CE would 
initially interact via the manager. However when they have had previous dealings, the CE may go 
directly to the source. 
So, the CEs will build a list of contacts within the buyers, suppliers etc. 11is type of interaction 
shows that personal relation and contacts are a valuable resource of the cost estimating process. This 
activity, of building personal contacts and profession relationships can be seen as a commercial 
activity when performed by a cost estimator. 
If the estimator does not have prior information about contacts, the company has a list of personnel 
which provides a first point of contact. It lists supervisors; names of specialists; where they work; 
estimating codes; and a contact number. 
It does not list the individual commodity that each estimator is responsible for e. g. For each system - 
the contact person responsible. If the estimator requires further information, they can refer to a 
worldwide international purchase system available to the company. 
An estimator inputs the part code (Each part has a number on its base, which idcntif ics what part it 
is, and provides certain other information, including what model it is from, whether is diesel or 
petrol, and so fourth), Then the system will provide who the buyer and the estimator is. 
Keeping this system up-to-date is essential. It is also a very lengthy process. The maintenance team 
needs to ensure that the database is current for the estimator's individual codes (so they will know 
whom to contact). 
2.8.1 Identify Material 
The Cost Estimator will try to identify the material which the part will be manufactured out of and 
try to calculate the weight. That way the estimator identifies the cost of the cost per piece for each 
part. In most of the cases the material is identified or very easy to be identified. 
, ei 
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2.8.2 Identify Manufacturing Process 
The cost estimator will identify the best method for creating the product considering quality and 
cost. The cost engineer has knowledge about most engineering processes necessary for creating 
automotive parts. By identifying the process, the estimator can now identify the machine. 
2.8.3 Specify Machine 
This is a very decisive stage in the cost estimating process. Although the cost estimator uses their 
engineering skills in selecting the process for the manufacturing of a part, the selection of the 
machine will define the cost. The reason for that is that manufacturing burden costs will be 
included. Depending on the machine chosen, the costs will be different. The data used for the 
calculation of the cost will include: 
Lifetime data. The financial life of the machine. The number of years is established by the 
costing team and is based on information from the machine supplier, user of similar machines 
and accounting practices. 
Uptime. The time that a machine tool is available for production. This allows for maintenance. 
Floor Cost. This is the cost of I square metre of floor space per year. It is made up from the 
three major categories listed below. 
The level of information required to produce accurate cost estimates is enormous. It was decided for 
this report not to include this information since it was an interim report. However. all the 
information will be provided for the final report in three months time. 
2.8.4 Identify Labour 
The cost estimator will decide the skill level required for the operation of the machine and the 
number of them. In the data available, the labour rate will cover: 
" Labour grouP 
" Direct labour 
" Indirect labour 
0 Fringe 
0 Maintenance Repair & other labour 
2.8.5 Produce Piece Cost Estimate 
At this stage the estimator has estimated the actual cost of producing the part. 
2.8.6 Add Mark-ups . 
Mark-ups are applied to the bottom line total of the estimate that includes material, labour and 
burden. These will be: 
" End Item Scrap (2.8.6.1, figure 6) 
" Sales General and Administration (2.8.6.2, figure 6) 
* Profit (2.8.6.3, figure 6) 
* Engineering, Design and Testing 
(2.8.6.4, figure 6) 
2.8.7 Produce Total Piece Cost 
This is the final estimate, and it's the only value, with the tooling costs, produced by the cost 
estimators. This cost estimates are used by various people in different departments for different 
reasons. 
Add End L54 Add U6 dd Profit Item SG&A 
SCraP2.8.6.1 2.8.6.2 
Figure 6: Mark ups 
Cost Estimating-Other Processes 
Add L58 
F aT EUT 
2.8.6.4 
Other costing processes were observed other than the bottom up approach. A company using the 
bottom up approach concentrates the effort in creating estimates for current and future vehicles, 
other processes only concentrated in creating estimates for future models and then monitoring. 
Furthermore as in the following processes, the data available is much more limited compared to the 
previous process. There are a lot of different reasons for this. The primary reason is due to the 
amount of effort put into creating a database. Another major reason is luck of resources. It is a 
general belief, in the company that a data infrastructure is necessary for perfonning their cost 
estimating function better, although they don't think their major role will change in the near future. 
Cost INPUT L180 Estimating L182 OUTPUT INFORMATIJN -0 Department INFORMATION 
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Figure 7 Cost estimating process 
Like in the previous section, the processes are categorised as inputs outputs and processes. 
1.1 Product Definition 
In the early stages of the product, the only description available to cost the new product is the 
product definition, for example, you want to create a sports car, for two people that can go off-road. 
By writing just this sentence, you have already created a lot of restriction, and a path is already set 
for an estimate to be created. 
1.2 Market Requirements (CA) 
Market requirements are something that has to justify local requirements. E. g. in England a car must 
have right-steering wheel drive which is different than the rest of the European market. Other 
example would be that a miffor in US must have a warning sign embcdded to it, which is no 
existent in Europe. All this market requirements have implications in cost. It is also evident that the 
more different market requirements you have, the more the costs are increased. 
1.3 Legal Requirements 
With legal requirements we mean the restrictions placed by government laws. E. g. if there is a legal 
requirement of placing six airbags in all cars, there is a corresponding cost that cannot 
be avoided, 
and the cost estimator has to calculate this when his/her performing feature walks. 
1.4 Economic Assumptions 
Figure 8 "Cost Estimating Inputs" 
The Economic Assumptions are established from the Project Finance Team. The major elements 
included in this would be the exchange rates, volume of parts, lifetime, economic restrictions about 
expenditure (no capital available, low piece cost targets, etc. ). 
1.5 Current Vehicle Data 
The cost estimator tries to utilise as much as possible his historical data that has been collected 
throughout the years. 
1.6 Bill of Materials 
The bill of Materials will include every single part and material required to create the component. 
This is a compulsory data that needs to be provided to the cost-estimating department in order to 
produce its cost estimates. 
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Figure 9 "Cost Estimating Department" 
In this diagram, the actual processes that occur in order to create an estimate are presented. A 
detailed description is provided in the following diagrams. 
Figure 10 "Cost Estimating Outputs" 
3.1 All Features and Options 
In this case the Cost Estimators produce Feature Walks. They take the bottom model (the simplest 
version of the car) and create different specifications vehicle for different markets and countrics. 
This allows the company to see which models are more profitable, so it can build its strategy for the 
future. 
The object used for this output is a features list & option report. It contains all the difTerent models 
the company is prepared to make. 
3.2 Risks and Opportunities 
What the CE does in this case is to create different possible variance analysis reports, assuming 
from his experience, to identify possible difficulties that the product might encounter in the future. 
That would be in conjunction with the engineering department. E. g. if the engineering department 
was finding it necessary to include a specific feature that would increase the performance of the car, 
but it would have meant an increase of costs, then it would have been considered as a risk. 
3.3 Variance Analysis 
The CE identifies any possible variances between target & status reports. 
3.4 Control Model Cost Report 
The Control Model Cost Report is probably the biggest contributions of the cost estimator to the car 
development process. For this output the cost estimator produces Piece costs and tooling costs, in 
both of which he will further produce a target report and a status report. For the Piece Costs (Target) 
and the Tooling Costs (Target) he produces estimates-guides of how much the specific piece should 
cost in the company in order to make the desired profit. For the Piece Costs (Status) and Tooling 
Costs (status) he produces estimates of where currently the costs are standing. 
3.5 Engineering 
From the outputs, the engineering department uses the product definition, legal requirements, 
market requirements and current BOM to create the new BOM. 
3.6 Purchase 
Purchase will use the information for selecting the future suppliers. 
3.7 Chief Product Engineer 
He's responsible for the whole project of a specific carline. He is the person who will have to make 
all the critical decisions in case status and target costs are diverting. 
3.8 Project Finance Team 
Project Finance uses the data as part of its function to perforin cost control 









Figure II "Decomposition offeatures and Options" 
3.1.1 List Features 
The CE will recover all the features available for the new model. 
3.1.2 Produce all Feature Models 
The CE also calls this activity 'feature walke. The cost estimator will perform all the feature walks 
to establish the profitability & check ABS (Affordable Business Structure). 
Control Risks & Model Cost Engineering Opportunities Report 
3.2.1 1113.2.2 1113.2.3 
Figure 12 "Decomposition ofRlsks and Opportunities" 
3.2.1 Control Model Cost Report 
The Control Model Cost Report is probably the biggest contributions of the cost estimator to the car 
development process. For this output the cost estimator produces piece costs and tooling costs, in 
both of which he will further produce a target report and a status report. For the Piece Costs (Target) 
and the Tooling Costs (Target) he produces estimates-guides of how much the specific piece should 
cost in the company in order to make the desired Profit. For the Piece Costs (Status) and Tooling 
Costs (status) he produces estimates of where currently the costs are standing. 
3.2.2 Engineering 
From the outputs, the engineering department uses the product definition, legal requirements, 
rnarket requirements and current BOM to create the new BOM 
3.2.3 Risks and Opportunities 
What the Cost Estimator does in this case is to create different Possible variance analysis reports, 
assuming from his experience, what are the possible difficulties that the product might encountcr in 
the future. 
Control Model 







Figure 13 "Decomposition of Variance Analysis" 
The purpose of this function was to give documentary evidence of what had changed from previous 
report to next. To be able to check if the product is aligning with the ABS and target costs. 
3.4.0 Market Requirements 
Market requirements are something that have to justify local requirements. E. g. in England a car 
must have right-steering wheel drive which is different than the rest of the European market. Other 
example would be that a mirror in US must have a warning sign embedded to it that is no existent in 
Europe. All these 
' market requirements 
have implications in cost. Ii is also evident that the more 
different market requirements you have, the more the costs are increased. 
3.4.1 Legal Requirements 
With legal requirements we mean the restrictions placed by government laws. E. g. if there is a legal 
requirement of placing six airbags in all cars, there is a corresponding cost that cannot be avoided, 
and the cost estimator has to calculate this when his performing his feature walks. 
3.4.2 Current Vehicle Data 
The cost estimator tries to utilise as much as possible his historical data which has been collected 
throughout the years. 
3.4.3 Engineering 
From the inputs, the engineering department uses the product definition, legal requirements, market 
requirements and current BOM to create the new BOM. 
3.4.4 BOM 
The bill of Materials will include every single part and material required to create the component. 
This is a compulsory data that needs to be provided to the cost-estimating department in order to 
produce their cost estimates 
3.4.5 Create Status Costs 
This cost represents the actual cost that would cost the company if it was going on production at that 
specific time. 
3.4.6 Create Target Costs 
These arc the desired costs that the ABS structure is dictating. 
3.4.7 Create Target Proposal 
3.4.8 Create Final Estimate 
If this process is followed, it means that all the cost targets specified by the company were met. 












3.4.9 Negotiate (within the company) 
In case the status estimate produced by the engineer does not meet the target, the estimator is 
involved in the following team trying to meet the targets. The people in these teams are the from the 
following departments: 
" Engineering 
" Sales & Marketing (to remove a feature) 
" Purchasing (to try and find other sources and suppliers) 
Project Finance (to ensure if any changes made from these negotiations are worthing or not) 
Cost estimating 
3.4.7.1 BOM 
The bill of'Materials will include every single part and material required to create the component. 
This is a compulsory data that needs to be provided to the cost-estimating department in order to 
produce its cost estimates. 
3.4.7.2 Engineering 
From the inputs, the engineering department uses the product definition, legal requirements, market 
requirements and current BOM to create the new BOM. 
3.4.7.3 Suppliers Presentation 
In case the supplier is involved in the fiill product development their input will provide BOM and 
other very useful information to the CE. 
3.4.7.4 Benchmarking 
Effectively, this is a comparative analysis, meaning to compare different quotes between suppliers 
for the same product; for example you could compare headlamps quotes to decide what should be 
the right price. 
3.4.7.5 QAFs (Quotation analysis forms) Trading 
This is a very similar function to bcnchmarking. The main difference is that the estimator is looking 
at fine commodities of the whole product. For example if the estimator has received two quotes 
from different suppliers, by comparing specific parts, like the dials of the speedometer or the PCB 
(printed circuit board) he will be able to see if one is charging more than the other. It has to be 
mentioned here that this process is based on commercial knowledge. At no point the estimator is 
using any scientific data to backup his estimates. 
3.4.7.6 Purchase 
The CE will consult the purchase department for additional information about the capabilities of the 
specific supplier. The information available from this source might be about the historic data 
available for this supplier. It has to be mentioned here that purchase is the main gateway between 




Guide to develop FAST 
Define Functional Decomposition 
The functions are categorised into three groups: 
" Basic Functions 
" Task Functions 
" Supporting Functions 
The figure below presents the guide used to analyse the functions of a product. 
IDEN77FY 
FUNCTIONS 














Is it essential to perform task 
flinction? 
Yes-it is a basic 
function 
No-it is a 
iumnnrtino flonchnn 
For basic fiinctions you need to 
define: 
How does it perform 
task function? 
Add any if necessary 
Place to right of task 
function 
Supporting functions are divided 
into four groups: 
1. ensure 
dependability 
2. ensure convenience 
3. enhance product 
4. please senses 




After functions have been 
defined, expand diagram to 
the right: 
-For each basic and 
supporting function answer 
question "HOW" does it do 
this? 
-Place these secondary 
functions to right of basic 
and supporting functions 
-Extend to right until the 
answer is no longer a neutral 
When this process has been 
performed, a 
verification/validation of the 
diagram has to be carried 
out: 
-Start at the right and ask 
"WHY" for each fimction 
-Start at the left and ask 
"HOW" for each fawtion 
FUNCTIONAL I 
COSTING 
The next sections will demonstrate how to perform the functional decomposition. 










Functional AnalXsis/Functional Decomposition 
First step concerns the functional decomposition. There are three fundamental steps in functional 
analysis: 
1. Naming Functions 
2. Identify Functions 
3. Organizing Functions 
Namine Function 
> Functions will have to be described in a (verb-noun) combination 
> Avoid the verbs "be" or "provide" 
> Noun cannot be a part, activity or operation 
> The users' viewpoint has to be maintained 
Identify Functions 
> Functions can be identified by parts: 
" What does "it" do from the customer's point of view? 
" "it" might be: 
" Elements 
" Features 





> Can be identified by "Walkthrough" exercise 
" As if you arc using the product 
" Steps in process 
List of verbs to describe those activities include: 
Verbs 
Absorb Control Hide Minimize Rotate 
Actuate Convert Hold Modulate Satisfy 
AidCreate Ignite Mount Seal 
Allow Direct Impart Move Secure 
Amplify Ease Impede Open Shield 
Apply Emit Induce Position Shorten 
Assist Emphasize Inject Preserve Space 
Assure Enclose Instruct Prevent Standardize 
Avoid Ensure Insulate Promulgate Steer 
Change Establish Interrupt Protect Support 
Close Exude Limit Receive Suspend 
Collect Facilitate Locate Rectify Time 
Comfort Fasten Maintain Reduce Tolerate 
Conduct Filter Maximize Repel Transfer 
Contain Guard Mesh Resist Transmit 
Ullman (1997) 
List of nouns: 
Examples of nouns used: 
Nouns 
Access Decoration Flux Noise Task 
Odor Density Force Aesthetics Time 
Area Dependability Friction Oxidization Torque 
Care Deterioration Heat Pressure Dust 
Catalysis Direction Horsepower Protection User 
Weight Uniformity Image Radiation Rust 
Color Emissivity Information Repair Flow 
Fluid Energy Injury Variation Voltage 
Current Vibration Insulation Stability Status 
Damage Corrosion Light Volume 
Ullman (1997) 
Organise Functions 
The organisation of the function is done using the Functional Analysis System Technique (FAST) 
(see section 2.3.2). FAST is a road mapping of functions. It's an organised way of breaking down 
complicated systems into parts. An example of a light bulb can be seen in figure 6-12. 
The natural route of the diagram is from left to right. The reasoning behind this is that you 
try to explain how you are going to satisfy a basic function of your system. Again by approaching 
the diagram from right to left you are explaining wkv you performed a specific function. The dotted 
lines separate the basic functions from the supporting ones of your system. 
Derining Functions 












































Figure 0-1: Example of a FAST Diagram-Bulb (SAVE, 2004) 
Baskfunction is a required function that must be fulfilled in order to provide the task function. 
Supportingfuncdon is a characteristic not essential to the user, but they want it because it improves 
performance and makes it dependable, makes it more convenient or more pleasing to the senses. It 
is essential to increase the product acceptance by satisfying the wants of the customer. It is the basis 
for buying decisions, user's performance appraisals and distinguishing product from competition. 
Functions are divided into basic and supporting functions. 
Question: Is it essential to perform a task function? 
" Yes-it is a basic function 
" No-it is a supporting function 
The two different functions are then organised. For the basic functions you need to define: 
" How does it perform task function? 
" Add any if necessary 
" Place to right of task function 
The supporting functions are divided into four groups: 
1. Ensure Dependability 
2. Ensure Convenience 
3. Enhance the Product 
4. Please the Senses 
1) Ensure dependability 
It addresses issues like ininimise deterioration, corrosion protection, added strength, protect 
environment, etc. 
2) Ensure Convenience 
It addresses issues like service, cleaning, repairing 
3) Enhance the Product 
It addresses issues like rising above expectations, smaller, lighter, faster. 
4) Please the Senses 
It addresses issues like physical characteristics and aesthetics. 
After the functions have been identified, the diagram is expanded to the right: 
" For each basic and supporting function. 
" Answer question "How" does it do this? 
" Place these secondary functions to right of basic and supporting functions. 
" Extend to right until the answer is no longer a neutral solution 
When this process has been performed, a verification/validation of the diagram has to be carried 
out: 
Start at the right and ask the question "WHYT' for each function 
Start at the left and ask the question "HOW? " for each function 
No overpass 
Co Co V) gn (7) CD- ui 
00 C> CD 0 
0 
ww ww ui w 
ID(2 0 92 
00 (0 0 uj tn 
CD 00 





16 ýp C> C> CD 
.9 
cq cq 
C> 0 CD C> 
ýbo tu Co 
> 
IN r 91 
r= 2Z tu M 
0 
0 C> 4: ) CD CD 
e. - (U (0 
11 
8 ID 88 
c4 *5 15 0 (D v 
ýa (D 
: 22, (0 -- 
.9X N eE 0-E. - '0 
0- 2- ly 
u) ID E tg v 
!ä 
-C2.3 M- x 
(2 «8 Of ýý 0 tu (0 cl a. » Co a. 12 >O Wo c> 














w IV) w (0 








CS r0 CL Z Co I 
12 0. E Co a) 
.202- 
Ci E CL 92 EEM 
0 ID 
ww j2: 0gL 
äwg 
...... 
Co N Co Co r4 Co tn le 
(4 CD Co LO r4 C> r- - 
f- N c4 Co Co Co c4 Co 
CD ýe (4 Co 0 V) 
Co c4 Co Co p- 
CD c> C: ) LC) ý 
- r4 c) 0) Lo (0 - Co 
c4 Co c4 C'4 Co cz, Co CD 
0-0- V) - Ln LO 
A ý 
N e cli 9 -: ýN0 
cý d ci d c: i c; cli 
wwwwwwww wwwwwwww wwwww wwwwwwww 00 Docanaca a0000000 iziatacliz 000000 
cm (14 Co M c4 (0 0 le 
CA C> Co 40 (4 0 r- 
r- N cy 00 Ko (0 M u2 
9e (N Co 0 r, 0 
(0 cli Co Co r- 
000 LO le 
ý cy a) 00 CD - (D 
r4 (0 NN (0 0 (0 0 u; 
0"0- r) " to 
. 
Z 
c> r4 . '11: Ci -: rZ : cý 7 -: 
ci 6 00--C, 4 - r- 0 cý ci dö00 cý ddc; ci cý c4 -e 00 (D -0- 04 C) C: ) CD 0 
to 
r4 Cli 
tý) m 00 
(D CD 00 C> 0 A£) 0 LO LO LO 0 to Kn Lil) LO Co 0 LO U') 0 to V) 0 
0 (D CD 00 CD 
c4 r4 c4 r4 (14 0 Co Co Co Co Co CD 
(D ci 
ci ri Mm ci (D CD CD C> 00 
0) ci fi «) m CI) 
(0 CD 00 (D 0 
m e) M 
(000 
MMm e) m 
(0 000o 
t- Co 00 Co Co Co r_ Co 00 Co Co Co 
ýd ý ý 
r-_ Co Co 
ý ý ý 
r- Co Co 00 Co CO 
cý c: i ci cý ddd cý c c c c c c 
CD CD C: ) 14: ý: CD 00 (0 0-- 
s Ci ci c 
ý 02 2 ra mm m Co in m G2 Co m £0 Co M Co 2ý 
fý r- - to gý 
Cd 
,q Co r- 
Ln 
c4 CN CD 
Co Co Co Co Co Co Co Co 8 Co Co Co CD Co Co (c) Co Co Co Co 
(0 
OOO(DOO 00 c>OO 000 OC>0000 
..................... 
WUJLLIWUJW wwwwww www wwwwww 
N f- f- r_ (_ r- CY r_ r_ r_ r, P. C, 4 N P. c9 p. rý e. P- 
P- 
Lo WeM Ln --- C'd LO Lt) u) t:: 2 :: ýx 20Z in M ä: - -cZxx LO of x0 uýI T CD Z c) e 2: - U') c) -W (-) &0 U') (. )'2 LQ 0 Cb w j2 <w LO in LL wwwWZX 
mZZQxCZ0ZX F- 112 r_w 
tzzx 
m F- Z j: LO r- LU -ZZ 
Mw02: w (n w 0) w xZ02 c» Z0 .2ZZ mý Z cl L: Z<- C) a. L: Z L: 0WW r) LU LL e wo <W 25 W 
L: Z-Z 
(D 0 LL 2 2) W W . 92. Ww W Z) 
LL 
ai LmEE in CL E Z F- 02 C) im 0 Z) 
W U- LL w LL ZW LL ZWww0 F- 
KL 2 1-- Ze 
U) 
c3 e2 
9Z G- 12 92 
ý: 2 
ýI 
1-- m CL F-- Co -i -t 
0- c OD 02 ý- F- 02 
u) () 0- 21 U) U) Z :) 
U) 3 
Co <Z Z) 5 l» 't:: U) ZZZ :2 Z) 2MW cuzz3 Z<0 Z) *ý 92 Zww0< ci U) oý KL -W- ý- 
ý Z) 
CL ý ý- wz 0<0 U) (0 (> ý) U) 
ý< 
CL ?= Lu <0 (-A u) 
CIA C, 4 C, 4 c4 C, 4 c4 N C, 4 c4 C, 4 c4 cli cy cli c4 r4 c4 C»4 c4 C, 4 c4 c4 c4 c4 ei CY c4 
(4 c4 c4 c4 c4 c4 cq c4 (4 
................................ 
- r- (4 - (D c4 Co LO 0 Ul) CO in Co Lt) 00 ;ý (Y) CY) CO (0 -"Mm Co 
Co Co C> Lg'3 le Lili V) C> (D C> cli C) (D c> c4 (D - 0) C, 4 c4 " Co U') c4 
C-4 Li2 "0ö vý c: ý cli 9 -: cý ci zý 9 "7 9 IJ ce 9 -: -: q -: 9 -: 9 
c; c; c; cý 00 CD cli c4 c21 CD C: ) -0 CD 000 (D 42 C> 
2222 2222 '22222 22223 22222222 
WWLLILLJ wwww wwwww wwwww wwwwwwww 
ja aa c3 Q c2 cl 0 ia Q 92 0 in c2 c3 ca c2 0 000Q ca c3 cl c2 
ý r- r4 - (0 c4 Co LO 0 to Co 79 in (0 tn Co h- C) C) CO (0 -- (n (" CO Co CD (D V) LO V) 0 C> Q cli CD , 
CD (D N r_ 0 C) r. A (4 c4 CO U') CN 
C, 4 0 uý ce N cý 79C 4 lý 9 -: 9 -: Cý -: -: 9 -: 9 -: C! 00 C> c4 N 0 C> CD CD 0000 CD 0 CD 
Ci Ci 
N c4 
c4 C, 4 0 LO LE) Lo CD CD, CD (D ki) LO U) 000 000 0000000 
I r4 C ) c4 N c4 (0 le to 
CY) CY) ) 
C) Co 0) m9M 
ei to e) n e) Co v) e) 
(400 
V 
N0 Co CD Co 
t 
Co CD, ri CD- C> (0 (3 
c: i cq cq c; cq r-: cý hý r": cq flý rIlý cq c; cq "q r": cq r": CD 000 O(DO 00 00 C> C> (3 
Ln cl CD ll: C: ) 0 C) 0 c4 M0 V) 4n CD CC! M 0 c: i ci ci 
00 
Co to Co mm Co 
LO 
Co tn 
co Co CD rD Co to KO fD Co Co (0 Co 





ee LLJWW www www www wwwwwwww 
Ný rý " c4 CO c4 Co r-- c4 90 r- c4 r- -- t- c4 (9) ?, 
Ln LL ö Ln LL t= «9. V) U- «k - ta ir-- - -4. 9 a: IL 0 Ei ý a- 2ý rt 0Z- 
-i c4 1X3 -1 0 C) Ln LL < 41) ix F- 0w0 ca U. w 
.Z cb 0Z ch 0 1.11 -1 cb 0 cb -x cic 
w Co h- 
Z E-U Co gl) Li. om - LL m LL ca ca 00 Z) r- r- 
ý- 
-i h- ! gw 0 UJ r- ca WW oý a) Z -w 0-, 09u. [X LU W- (D LL 
Zw CL Zw 
-1 00Ww8Z0w -0 
Co Z0wm gla 
CL 
ZL: Wzo W WL: V5wr_ x v5wx 
. 
87- -1 (1)0 0 
2ým3992w02, 
(P ix £0 2- (1) u. w OB- u) u. 0 Co w in - E F- Ui LL gm ý- W LL in W LL ýiE: w EZWW00 
Z- l- 0 LL £L Z LU ZWZW00wa Z cl 0Z LL CL m0 2ZQ§ 
-J to 
ný Co 92 IL C) Z e2 C) £L 0Z0mwV U) 0- Wm ý2 V- 1: NW C) m t2 Z (9 Co Z) Z (0 2D ac to wZw0w0 Co e, LL CL -3 a- L 0- 0. Z it w IL U) CL ý5i, - : u: ), 02g- 
00 
00- 
N CY c4 N c4 cy N c4 CIJ C, 4 c4 
CY CY N (4 c4 rq N CY N c4 c4 c4 c4 c4 t4 c4 C, 4 t4 CN t4 c4 c4 c4 (4 
. 4. 
+........................... 
(0 Ln C) CO (0 - CO MM CO CO cm r_ to U) Co Ln 110 C) (N 
NM;: 
r- F Z; (» N CN 9) CO LO c4 -: -: 9 c4 9 i ID t*-: 00 lq: Ln 
v Co 9 r-: 9 cý cý 999 9 Ci c; c4 - . - (D CD, CD CD C: ) CD C> CD (4 C, 4 . 0000- 00 V) 
ww wwwwwwwwww w wwwww wwwwww www 
0 cl 0000000000 0 0 £2 000 00 cl cl 0 cl Q00 
(0 Co Co - OD m cl) Co Co r4 r_ U') Ln (0 Ln , 
00 (1 (3) 
(» r- oý (4 c4 2 CO 4n C'4 0) Co to C 4 00 r) 0 
t. ý cý 
CY (D 
Ci c; 
OCDOCDOQQO-C4 r, 1 oogom 00 
00 90 C, 4 m3- 
Mm Co C) (0 
cý (0 q 
9 ei in 
0 
CN (n CY C, 4 c4 Co le (D (D CD (0 - 
(» Co (» (D 29 c le 't 0 CM (» 0, (» x mM le 
0 0) 
<» r2 M m (0 r3 ce ei (» 
w0 c4 00 (0 0 (0 
(D mm ce 
C: ) 00 ooco (DOO 
f- CO ö cq cq r*.: cq rlý cq 139 loq cq cq r": 11.: cý cq 
00 OCDCDCDO 0000 000 000 
C: ) C, 4 V) C> La Ln 0 (7) 00 0) 0 C) 0- (D 0 C) 0 
cs cý 
ý222M2mý 
m Co m mmý ý22 
Q 
0) U') - le tin 0) n c4 Co 
0 cs 
Co 8 Co (D Co Co Co Co C> QOCDIOCDO (0 LO (0 LO 0000 Co Co Co 000 









- r- r- 
www 
C, 1 - r- 
0 et 





in U) x 
0 
2 U) en Lom 
22 
W xý 
ý- Z 0 LO C, 4 go U- CD bW> u2 
> 
mi 
Co Cb WZ WW 




0 LL M0 k- r- 
m CL U) 
-i 
Co W 
r- (0 x W 00 12 LL oý ZW 






C» U) X 
(0 L: Z00 
Zk WM9W3: Wo Z-w 
22 
m-2, 
Z 0 (4) 
L: Z 't - 









CO E F- 
ýk 
(0 Z0W rn 
U] W P: LL L) u) 
f-- ý: 00w- 
Eý-WN 0- 
LL 0pW (9 0 LL LL ZWZk £ ll 
<ZW 




L LJ M -0Z c-, 0' 1: U) m Wm C) ZXW3 (9 m t: (D M Z) Co - u) Z 
ca 0 -c 0 W0 0» Z=DcZ ý: 0 ýE 
. t (A (0 Z) ZUZ 2 IL W U) IL a. < 0. LL 0 W 0 a. 2<0 u) 00 . 
c4 Co 
c4 c4 N C, 4 Cld C, 4 N c4 c4 ý CY CN c4 CY CY - c4 c4 c4 c4 N CY c4 N c4 (4 C, 4 (4 
cli c4 c4 c4 c4 N C, 4 C, 4 - 
........................ ++ 
Co g) g U, c4 Co 41) cq W) Co Co P- 
Co (D cli C, 4 le 0 LE) CD N 
Co 0) cli Co i3 
C: ) (3) (D 0) 
Co c4 Co 
r- CY C, 4 c4 hý 0 Co 9 c "1 ci lq 9 Ci S rIl 9 c4 i cý Ile 
CD 0 0) c c c C! cý cý ci c4 ý :0 C ý c e 4 cý ý 
wwwwww wwwww wwwww wwwww WWWWLU ca c2 a c2 c2 0 ca ID 12 c2 c2 0 cl c3 92 ci c2 r3 cl tz 12 cl 12 c2 (2 0 
U) In in uý N 
C, 4 C, 4 
c q c cq cý ei ý 9 c4 i cý le cý C c ý CD Ci cý cý 0 r4 ý :0 l c .. l ýr c : , i cý ý e Q r_ r_ e 00 00 C 4 r4 00 c4 r4 
Ln LO (4 cm (0 (0 (0 
(0 (0 C) (D 
cý cý 0) 99 
c4 (4 c4 N 






0 (D CD 
OOCD 
OO(D 
C, 4 C*4 C, 4 Nc q (0 (D (D (0 (D (D w(DCD (D (D (0 
(1) C) C) ce (» 
ICI), 9 
(D c) C: ) 0 (D (00 (0 r_ Co r- 
(0 0 Co 
r_ Co r- 
(0 0 (0 
r_ Co e_ 
0 C> (0 
r- Co r_ 
423 Co Co cq cq 
ci c; cý 00 0ö ci c; 
ö ci cý 
CD CD C> 0 0-0 0-0 0-0 0 
ci ö d ci d ci ci 
912 02 Co M im ý 12 , 20 12 ý ý2ý <<<<< 
LL') Uli 0) 9 
c4 tn 
hý 9 (14 x 
Co Co Co Co (0 c:, CD c> 
wwwWW 











sw ý50 CL LL LL 
Co to CD 0 C> 0 
www 
CN (0 r- 
- U. ) vi : =, 
cl w 




LL L: ZWW 
x0 c) LL Wx 
.0rW _j (: ) 0EW 
:)0 CL Zw Ow CL 1: 
-j < Co t: U) (! ) c2 w Z) 
00 
.ý :E EI 
Co Co Co 
www 
CY 0 r_ 
VA Z-L w 
ly r2 
Z CL Z 
w CD (A w 
mi Zww X 00 LL x mW0 0w 
mE om :30. 
of ZWX 
< G- < 
w Co w IX CIL. c2 w u) 
0 
Co 
to Co Co 0 C: ) CD 
www 





LL ZW LL. 
E _j waw 




C, 4 40 r- 
w 




w ID ý 1112 
Ew 
zw (JZ Z KL = Co ý 
a, 0 32.23 u) u) 
C. 4 C-4 C-4 CIJ C4 04 C-4 C, 4 
C, 4 N Cj NN C4 (4 04 C4 NNNN (4 C4 C4 04 CM 04 04 04 NNN C4 C-4 N 
++........................ 
e r- ?- CO M- 0) CO (0 - 00 -M CO - (14 c3) r- Co - CO CO t" CO Ln «) (0 c4 (0 M (D LO 0 (D (3) 0) r4 m0 in c4 Lt) (D (D C, 4 r4 (» (D to N 1,0 0 
0000-- 00000 000- OOOOC>0(DO-(4 0000 
mmmmmm MMMMMMMMNN mmmm uj W LLJ W LU LU wW LU LU WwwwW LU wwwW LU W LU W LU Uj LU Www 
QaQ cl Q0 0000000000 00001300000 aQQa 
r- r- CO V) - M 00 CO - 00 -M CO "N r- (D ý 00 (D M 00 U') tv) (D N (D m 0 Lf) 00 0) ýM 04 C14 M0 Lf) 04 Lf) 0 0N C14 C) 0 Ul 04 - 1ý- o- C) 0 q v! q -: V: CR Cý C4 79N6r9qq 9 Ci -: 9 C4 q 17 Cý 17 0 00 r) -: 0000-ý 00000 000ý 0 CD 000000- 04 0000 
cr) Cl) Lr) W) 
00 
lo: Uý Ui 
0 (D 
0 Cl CD 0 (D 0a00 00000000 0000 0000 (D 00 (D 0000 000000(DO 0 Co It 0 
04 C*4 N (D N 04 04 N C*4 Iq Iq (0 04 NNNN (D IV CD (0 C-4 N (D 
c) 0, (7) 
Cl) mm 
c) co 0) (Y) g 0) 
l) (D V) l) 
0) co (7) CY) 1 (7) 
l) D V) .) el 
0) co (3) 
V) co m 
w C> 00 C C 
0) m 
(0 0 C*4 40 CD, co 0 to 
C ( C 
co 0N Cý 0 co 0 CJD co C> N0 
fl- aq IR Gq J*4t "R 6 OR CR f*ý Cq rl.: fl.: CQ C; cq eq t": cq rl! tt aq ci Cq 
OC>00 00 00000 00 00000 00 0 
0 Cl) 0- -e 0 Cl) Cl) 0 LO 0 LO 0 0) 0 V) V) 0 Ul) 0 Ul) 00 00 to ý 
c; C5 c; 66 cs 6 ci -: 7d N ci 
ca Im co co im co In ca co m co m cm <<< 
co co ca << 
0 0 
Lf) 0) N C) U') cq Cli Cl) 
Ln c4 V') Z ce 




L4 < LO < 
L: Z 
2 (0 LL 
E K2W in 0-Z 
ZW LL !L CL U) 0 zz Z: ) 03 0» -ww t) D5 (0 
to (0 Co Co (0 Co (0 (0 
wwwwwwww 
C, 4 t, - r- CY (D 11 
1: 61 «z. 
wP -j 
00 fJO) 
£ja LL w 
w CO 
ta W0 CI) KL w w 
-i W LL ZZW 
12 IL 0w 
LL L: ZZw< u5 ir. w% LD Lu e: w cun o u) w EL Eww Lj- w Z C) < it 0 -1 wzwz)ko woi3z 
Wt CL C) 0M KL C) Z 
(00w5090w5ým 5 CL Z GE .w<3 a- u) (n 
0 
(0 (0 (D (0 (0 (0 (0 (0 (0 LO Co Co 
(D 00 CD C> 0 (D 0 0000 
............ 
wwwwwwww wwww 
N r- -- r-- N0 r- C, 4 OD - (0 
U. ) vi - Li q. 
Lij 
Z0 
Co CD W LL. w ij CL W cý In oý 
M U) ca 
LL CL 
m F- W0Wa. wZ 0 im u. wZ -i LU 




ZWL: Zw cl v5 
j)ý 0 C) C) C) . 92 - cu w (D Z Z) v- w -0 r- 9 ui w KL E ý- 20 :3 C) -< F- F- 0wö _wi 
ZOOWO(JZ 
zzwnF-0 F- ZW LL P w" G-i2(Dmh-CLO-J<cn w £L 00 (0 Z Z) 
Co 't CO F- a- 0-, 
Z0D0xmi Co Z am -w5 02 <Z0. iz w U) D IL U) a. 0 
m le 
(1 CY CY 
C, 4 c4 c4 c4 c4 c4 CY N CY c4 c4 (4 CY c4 c4 c4 c4 c4 c4 (4 CY C, 4 (4 (4 c4 (4 c4 CY CY NN cm cy rg 
.................... ............... 
CO - (D Co 
0, u-) (» ýý z2; (7) e Ln (4 Co c4 C) 
Co 0) 00 03 Co Ln 
a c4 Co Co el) 00 c4 x cl 0 02 
i 
C: ) m Co 00 r3 9 CN :9 IQ cý cý ce r1.: c» c2 c 9 
ci N rý c; ci oo- 000 00 c4 00 cn v) 00 C> 
LLJWW wwwwww wwwwwww wwwwww wwwwww 
0 93 92 [Z d2 ja a0Q maannam C) QQ r2 ca ia 0 12 ci c2 cl c2 
CO - (0 Co (D U') C) -- c) c, ) r) - (0 CD 
C) 00 LO (4 (0 (4 V) 
CO - 0) CO 00 CO LO 
cm Co Co (n a 
(» (4 V) CD- 
Co c4 0m CI) V) 
c> cý r4 -: ce uý -: Ci cý c:! c:! r. -: : e, -ý 
- 6 c:; ci 6 -Z 00000-(4 00mc? cn 000 (D C 4N 
0 Co ýr 
(» 0) (0 (0 Cý oý 
a 
(n C» 





0 (D C: ) 000 
(D 00e0 (0 (D c4 (0 Co 
(7) 0) m 9m 
0 C) e 0, m 0,2 (» cr) M e2 e) m (7) CY) 9 (n r) CY) c7) 0) C) ch xm ri m C) v) C) CD 000 Co (D C: ) 4: ) N (D 0 C> CD * (0 (D (D 0 CD 0 t- cq cq "q bý c9 cq loq cý cq cq 9r -: r_ c9 cq oq c9 c9 
4D LO 00 ýt ýq: to c 0-0 c4 c; 
ý CM ci d c: i 








Co r' Co l«: 0) N 0) Co cl 
(0 (0 LO (0 (0 V) (D (0 (0 
0000 C> 0 (D C: ) C) 
CD ............. 
'? 
++ + wwww wwwwww www wwww w c4 r- rý r- cy - Co -- CO - f, r- (14 t- ---- r- - W-O Ln ti2 Z Ln X LO UJ Z -ý W Z re LLJ wW 000w v) CD Li) w Co w0ý LL U) ti') (0 vý 4r -i U) .w cb w 
(4 
,b(: ) 
U) M IZ ww -1 126 ýq x u) ý 1-- <M ca < 02 0 Li. ýq < LL. w im F- 1-- 0w0wu. r- v) M0x r- '0 r, - m 4ým- LL -3 LL ia ý 0) IZ -J C) _j -i w0 LL. W LL U) 029 -1 w CO W 0) ý2 :)2 
tö wZw 
LL W LL Z Z) 
W U) 02 L: Z00< U) L: 
ZZ L- 
w v2 L: ia w LU Ww ci 
üý 00 ý- Z F- 1: X 4)03ý3wý: w XZ -i Z uu-- M0 1-. 20Z m i= -i x in w r- Z) Eg !MLZw c2 -x0Z C) E _j CO F- EE :)wD ui LA. Zw ö LU m () w t-- Co ý: oö 2= () Z Co ca 0Z2 IM9 x2ý (5 
Co wzwý: 0wZ i-: j 0Zw OZ zzwwwwu) 12- w2 D. 02 U) t! 0 IL w Co Z -t U) in 112 in C) in < -c v) (D 01Zt: U) Co M :DMZ Z) CD W (0 Z00. Zm (U 
ý8 
ix 
LD ý5 U) ý- a. k- eW IL -ýZw2 U) C]: CL U) (9 0Zýa. v) -1 0. 
0000 
Ul) (0 r- Co 
N cli c4 C, 4 
c4 4N N cy c4 r4 
c4 c4 c4 cy cy (4 c4 rd CY c4 c4 CN c4 c4 c4 c4 c4 N C, 4 (4 c4 NNN e4 NN ty c4 N 
.............................. 
M0 LO Lo tn «) V) 0M (X) CO Lil) Ln m r- 
Co r_ C, 4 P- r- r- Zm 00 In Co 4 hý cý Ci lý -: 17 -- V) (D Q- c4 CD, C, 4 4: ) d Lti c; cq 
22 mmmmm mmmmmm m m m m m m 2 m 
ww LUWUJWW WLUWWWW W w w w w w w w cc a0Q C313 0a00 13 0 0 0 0 0 0 0 Q 0 
I- P, (7) 0 U) LO (1) V) IT cf) 0 tv) co 00 LO to It Cf) r-- co 4 r- co Pý C14 ?I 
c 
U, Ci ci m 
ýM 
l "7 q 
00- 04 0 C14 06 L6 0 C14 CN 
0 - 00 U) U') IT V) I, - 
C; I-- c 
1ý- 





CD mmm tv) LO to LO Lf) LO 
C, v IT v C*4 C14 C14 04 
CF) g (7, .0 0) N co (3) co Cl) 0 co m co Cl) 0 C14 0 0) (D Cl) (D co Cl) N0 04 
t- cq c; op 11 - cq C; 
0 
CR "It v qt CR Iq 0 Iq C14 
04 C4 C4 C4 Cý 
in in in 0 co mm ý 
cq Lp r- in t- IT m m CR 
oo 1: fl-t r- C; cli 
aaaDaa00 
(D (0 (0 (0 (0 
w LU ww 
Kn 
Ad) 
x0 > C) im W im0 ü- 
be Co L: ZX0. ' 0. 
9 (0 E i-- Z< 
06 2Z0X :] )- 2ZW0 92 92 
ww 
(0 (0 (D LO (0 
wwwww 
(4 "- CO C'4 
w U') 0 F- th -2 xx w0 C) 
0 
Co cc C) wwx 0x ir £L 2: 0x gh Zw Z) KL 0< 
,0 
(0 F- w 02 w 
-i P- 
mm 
of IZ c12 (» 





SLDWZWO 3: 191 Co CY 0 Z) Z (9 (0 E 1-- Mx oý w CO 0 0Zwww U) 
zw(0 x -i Fz 0 (9 (9 :5 W-J 
-, 
w0wx 
zm -i ZZZww V Co wý c3 ui Z 
0 (4 MX 
Lo 0 r- Co 
V) ce m V) V) v) r) e2 




Table of Engine Size and Muffler Volume followed by graphical representations 
Petrol Diesel 
Engine Size (Itr) Muffler Volume (Itr) Class Engine Size (Itr) Muffler Volume (Itr) Class 
1 18AB 1.9 13.613 
1.4 16.7 1.9 16 
1.6 11.5 1.5 10,3 
1 5 1.4 12.5 
1.1 12.5 1.9 21 C 
1.4 13.2 1.8 16.7 
1.4 22 2 11.75 
1 11.6 1.8 21.3 
1.3 12.5 2.5 26.1 C/D 
1.4 12.5 2.4 21.2 
1.6 15.5 2 22 
1.5 16.5C 2 25 
1.4 20.85 2.2 18 
1.3 17.8 2 19.5 
1.4 19.4 2 21 
1.6 16.2 2 21 
1.6 21.3 2 19.5 
1.6 22.8C/D 2 21 
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Parametric estimating template for VTP 
Component Serial No 
- 
Part Num. lWeigh Hours Labour lMateria l Sun 
I in KG InEuro inEuro _ inEuro 
Leading Edge I XXXXXXXXXXXXXXXXXXXX )XXXXXXXXXXXXXXX 
Leadinq Edge 2 XXXXXXXXXXXXXXXXXXXX )XXXXXXXXXXXXXXX 
Leading Edqe 3 XXXXXXXXXXXXXXXXXXXX )XXXXXXXXXXXXXXX 
Leading Edge 4 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fin xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fin Tip xx xxxxxxxxxxxxxxx 
SLW-RumpfanschlUss xxxxxxxxxxxxxxx 
VTP Panels front xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
VTP Panels front xxxxxxxxxxxxxxxxxxxx )O(XXXXXXXXXXXXX 
VTP Panels middle xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
VTP Panels middle XXX)O(XXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
VTP Panels rear xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
VTP Panels rear xxxxxxxxxxx xxxxxxxxxxxxxxx 
Sum xxxxxxxxxxxxxxx 
Trailing Edge 1L XXX)O(XXXXXXXXXXX)= xxxxxxxxxxxxxxx 
Trailing Edge 2L_ xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge 3L xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge 4L xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailinq Edge 5L xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge IR xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge 2R xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge 3R xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailinq Edge 4R xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge 5R XXXXXXXXXXXXXXXXXXXX XXXXXUXXXXXXXXXX 
Sum xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Shell Complete LH XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
Shell Complete RH xxxxxxxxxxxxxxxxxxxx: xxxxxxxxxxxxxxx 
Shell Riveting LH XXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
Shell Riveting RH xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Middle Spar Assy xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 2 Comlete xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 3 front Plate xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 4 Complete XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
Rib 5 Complete xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 6 Complet xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 7 Complete xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 8 Complete xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 9 part XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
Rib 10 part xxxxxxxxxxx 
- 
xxxxxxxxxxxxxxx 
part Rib 11 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
__ Rib 12 part xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 






S sern xxxxxxxxxxxxxxx 
H draulic Pi es 
I 
xxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx I 
Vertical fittings Front Spar XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
Front S ar component 
Vertical Fittings Rear Spar I 







Rib 1 front Plate xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rib 1 rear Plate 
Rib 13 component 
xxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxx 
E ý ý " 
r E XXXXXVYXXXXXXXXXXXX xxxxxxxxxxxxxxx 
te B Rl ttEing Fi omple xxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting BR1 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting Complete BR2/BR5 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting BR2/BR5 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting Complete BR3/BR4 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting BR3/BR4 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting Complete BR7/BR8 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting BR7/BR8 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting Complete BR6 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting BR6 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Bushings xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Sum xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Actuator Fittings AC 1 Comp xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting AC1 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Bushers xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Actuator Fittings AC2 Comp xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Fitting AC2 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Bushers xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Actuator Fittings AC3 Comp xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Actuator AC3 under xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Bushers xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Sum xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder fittings BR1 (For Fitt xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder fittings BR2 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder fittings BR3 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder fittings BR4 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder fittings BR5 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder fittings BR6 XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Rudder fittings BR7 XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Rudder fittings BR8A XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Sum XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
jAnbau Antenna Holder XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
IFin tips rib XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Versteifungswinkel (Hardeni xxxxxxxxxxxxxxxxxxxx) xxxxxxxxxxxxxxx " a 
XXXXXXXXXXXXXXXXXXX) X"XXXXXXXXXX" 
Trailing Edge spar (BR5 -B xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge spar (BR6 -V xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Trailing Edge spar (VFS -B xxxxxxxxxxxxxxxxxxxx 
I 
xxxxxxxxxxxxxxx 
Trailing Edge spar (BR7 -B xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Plate XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Fittings Complete XXXXXXXXXXXXXXXXXXXX) XXXX)(XXXXXX)CXXX 
Fittings XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Tr5gerplatte Complete XXXXXXXXXXXXXXXXXXXX) XXXXXXXXXXXXXXX 
Angles FS xxxxxxxxxxxxxxxxxxxx Xxxxxxxxxxxxxxx 
Small parts carbon fibre xxxxxxxxxxxxxxxxxxxx XXXXXXXXXXXXXXX 
Sum xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 




Rudder Spar xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 1 (K=complet, xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudder Fittings 1K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 2K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 3K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 4K I xxxxxxxxxxxxxxxxxxxx 
i 
xxxxxxxxxxxxxxx 
Ruderl. Beschl. 5K l xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 6K XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
Ruderi. Beschl. 7K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 7K xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruderl. Beschl. 8K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Ruded. Beschl. 8K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Actuators Fittings IK xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Akt. Beschlaq 2K xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Akt. Beschlag 3K xxxxxxxxxxxxxxx 
Rib under Component xxxxxxxxxxxxx )O(XXXXXXXXXXXXX 
RNR 0 =Rudder-nose-rib xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR I xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 2 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 3 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 4 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 5 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 6 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 7 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 8 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxx xxx 
RNR 9 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 10 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 11 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 12 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 13 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 14 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 15 XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
RNR 16 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 17 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 18 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 19 xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 20 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 21 xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
RNR 22 xxxxxxxxxxxxxxxxxxxx xxxxx xxxxxxxxx 
Rudder nose 1 LH xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudernasenteil I RH xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudernasenteil 5/1 LH xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudernasenteil 2RH xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudemasenteil 3LH xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudernasenteil 3RH_ xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudernasenteil 41-H xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudemasenteil 4RH xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
Rudernasenteil 5/3LH xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxx xxx 
Rudernasenteil 5RH xxxxxxxxxxxxxxxxxxxx - xxxxxxxxxxxxxxx 
Rudder Tip Complete xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 




udder Assembly [P xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
lRudder Complete xxxxxxxxxxxxxxx 
lBought out Parts IIIIIII --i 
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